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LETTER OF TRANSMITTAL. 



Department of the Interior, 

United States Geological Survey, 

Division of Hydrography, 

Washingtan, D. C, November 27, 1901. 

Sir: I have the honor to transmit herewith Part II of a preliminary 

list of deep borings in the United States (4(KJ feet or more in depth), 

by Mr. N. H. Daiton, with the request that it be published in the 

series of Water-Supply and Irrigation Papers. Part I is in type as 

Paper No. 57. It has been found necessary to divide the whole into 

two palmers, because of the statutory limit of 100 pages for these papers. 

Very respectfully, 

F. II. Newell, 

Hydrographer in Charge. 
Hon. Charles D. Walcott, 

Director United Staie.s Geologiad ^Surrey. 
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:PRELTM1NARY LIST OF DEEP B0R1N(;S IN THE UNITED 

STATES. 

PART II.— NEIJRASKA-W VOMINCi. 



By N. II. Daktox. 



INTUODl'CTIOX. 

The wells and l)oring8 reported in tlie paper are all more tlian 400 
:feet in dei)th. The information concerning t.liem has ])ei»n obtained 
I)artly from replies to circular letters sent to all parts of the United 
States and pailly from geological reports and other published sources. 
Owing to the difficulty of obtaining replies to tlie circulars, to lack 
of knowledge on the part of correspondents, and to tlu» incomplete- 
ness of i>ublished records, doubtless there are borings which have not 
been reported. In regions of oil and gas wells, when? l)orings are 
numerous, the individual wells can not be listed here, but representa- 
tive wells are given. References to logs or records of the wells, or 
extended descriptions of them, are given in footnotes, and after the 
list of wells in each State there is added a list of the princnpal publi- 
cations relating to deep borings in that State. 

The bearing of the information given in the columns of the lists 
probably is apparent, unless, perhaps, in the one h(»ade<l ** Height to 
which the water rises." In this column an entry such as *' — 45" 
indicates that the water rises to within 45 feet of the surface; " + 45" 
indieat-es that it is a flowing well and has sufficient head to raise the 
water 45 feet above the surface in an open pipe 45 feet or more in 
height. The yield in gallons per minute usually is estimated. Depths 
and diameters often have l)een reported from memory, and different 
sources of publication sometimes give different figures. Most wells 
which are not stated to be '*for oil," "for gas," ** brine," "aban- 
doned," etc., in the remarks column, or "not any" in the >ield 
colamiiy generally afford more or less water. Many of the gas and 
oil wells, active or abandoned, yield salt water. 
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DEKP B0RIN08 IN THK UNITED STATES, PART II. [ 



NEBRASKA. 

(Arranged hy countieM. ) 



Ix»catioti. 



County. 



HaHtiniTH* .. 
HarriHOurK 



I Adamn. 
Banner 



T.34,B.8,Bec.— . 
T. 33, R. 8, sec. 18. 

Kearney 

T.10.R.13,8oc.:M 

Do 

St. Helena' 

T.32,R.:$J.He<!.23 
T.3a,R.23,8ec.24 
T. 31, R. 23, sec. 11 
T.;«,R.13,Hcc.a'> 
JL . — « K. — , sec. — , 
T.— ,R.— .sec.lO 
T.32,R.23,8ec.— 
T.«,B.30,8ec.21 . 

Cliff 

Chadron 



T. 31, R. 6, sec. 5. 
T.31,R.«,8ec.a) 



Omaha (Clark and 
Sixteenth streets) 

Omaha (Grant smel- 
ter). 

Omaha (Thirty-sec- 
ond and O streets ) . 

Omaha (Elm wood 
Park). 

Omaha (Han scorn 
►Park). 

Omaha ( River vi«w 
Park ) 

Omaha (Willow 
Spring). 

Omaha (Exposition 
grounds). 

Omaha (Seymour 
Park;. 

Omaha (Pickards) . . 



Omaha (Kriig brew- 
ery). 

Omaha (Power 
house. Nineteenth 
street). 

Omaha (Cortland 
Beach ). 

Farm of (J. E. Hawk- 
ins. 

Beatrice 

Farm of W. E. Rob- 
ertson. 

Hyannis. 

O'Neill 

Farm of E. Demerit.. 

Dannobrog'' 

T.2,R.2, 8<»c.4 



T. 13, R. a'>, sec. 5 



T. 14. R. 41. sec. 3 
T. 12. R. 37. sec. 8. 



T. 9, R. 8, sec. 29 

T.:C,R.»J,sec.l6 .... 
T. 33, R. 8, sec. 18 .... 
T.:«. R.3,soc.l3 .... 

T.32.R.6,soc.8 

T. 32, R. 6, sec. 16-... 
T.:e,R.6,s<*c.lfl .... 
T. 32, R. 6. sec. 16..., 



Boyd... 

do.. 

Buffalo . 

Caas 

do.. 

Cedar.. 

do... 

do... 

do... 

...do-. 

do.-. 

...do... 

do... 

Chase . . 
Custer . 
Dawes . 



Dixon 
...do 



Douglas. 

do . . . 

...do .. 
-.--do... 

do.. 

do.. 

4o.. 

do.-. 

do .. 

do . 

do . 

do.. 



do 



Gage 



do 
.do 



Grant 

Holt 

Hooker .- 
Howard . . 
Jefferson 



Keith ... 

do.. 

do.. 



Kimlxall 
Knox ... 

do... 

do.. 

do.. 

do.. 

do- . 

do.- 



Depth. 

i 

Fet t. , 
1.14o 

700 

700 

2.4a0(?) 

480 

6U0 

406 

400 

448 

000 

«V)0 

003 

481 

445 

500 

400-185 

ion, 1.100, 

and 1,800 

407 

484 

604 
1,044 
1,800 
1.845 
1,120 
1.065 
1,700 
1,115 
l,3tH 
1,.'JK3 
1,310 

840 

99S 

1,260 

1.200 |. 
1.240 I 

-f400 

i.ar)o 

1,011 

500 



525 
407 



Diain«'- 

t«T. 



Yield Height 
i>er of 

minute, water. 



Im hm. 



400 
656 
770 
504 
(500 

(m 

(C«) 



3 
3 



3 
4 



2 
o 

2 
2 
2 
2 
2 
2 
34-lt 



o 

3 



100 



6-5 
6 



6 



6 



(iitUonit. 



100 
420 



Feet 
-40 



Flows. 
Flows. 



Many. 
30 



Flows. 
Flows. 
Flows. 
Flows. 
Flows, 
as ! Flows. 
Flows. 
Flows. 



Many. 



60 



125 

800 
Many. 



Many. 
600 
Muny. 
Many. 

rm 

70 
Many. 



No flow. 



Flows, 
Many. 

+53 

+»V5 

-70 

-50 

-i:w 



+ 100 
Flows. 

+a''. 

Flows. 
-143 



Few. 



500 



H 

3 

3 
»> 

8 
8 
8 



Many. 
Many. 



IN) 

380 

3. ',<)(» 

3, 5(11 » 



+40(*) 

F'lows. 

Flows. 
Flows. 



Flows. 



4-^ 



Remarks 



Salt water at 9< 
Keveralunsuc( 
Iforings. 



Unsuccessful. 
Wat<«r at 30 f« 
Water at 47T) fc 
Water at 400 fc 

Water at 248 f€ 
Water at 310 fc 
Water at 6iW fe 
Water at 550 fc 

Water at 398 fe 
Water at 22 fe« 
Several wells. 
Three wells; r 
ter. 

Water at 18 foe 
]>ly unlimitet 
Temp. 68«». 

Flows at 650 a 
feet also; ten 



Tomp.03«. 



First water i 
fei't: t<>mp.O 



Temp. (»3"; n 
doned. 



No flow. 
Flows. 
K1()W3. 
Flows. 
Flows. 
Flow^s. 
Flows. 
Flows. 



Water at 50 fe< 

Two wells. 
Un.successful. 

Do. 
Seven l>orinB 
coal; strong 
water at 
feet: temp. 7 
Water at 7 fee 
Water at 385 f< 
Water at 176 s 
feet: 137 feet 
ter in well. 

Wator at 625 f< 
Water at 740 f< 
Water at 483 h 
Water at ^\i U 
Water at 575 f. 
Water at 60<)f< 



> Record, U. S 
' Record, Am 
■Record, US 



. Geol. Survey, Water-Supply and Irrigation Paper No. 12, pp. 37-38. 

Assoc. Adv Science, Proc., vol .Y», 18St>. p]). 317-219 

Geol Survey, Water-Supply and Irrigation Paper No. 13, p. 47. 
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XKW JEltSKY— OoniinatHl. 



ation. 



Ooanty. 



Ml ... 



M onmoiotli . 
Hunterdon 



' I EfiBex 

h • Camlierljaid 

»• I QloDotsster . . 

riUe * do 

^dars I Ocean 

do 

McRunonth . 



rn*. 



11 



'ity < Lim- 
rewery).*' 
ty (Malone 



ity (Stoi-Jc 

II 

"ity (Coui- 

W). 

ity (Sag&r 

jri. »« 

ity (Cox's 

ity (Dixon 



Ifercer 

Hudson 

Ifonmonth. 
Ifiddleaex.. 
Hndaon 



...do 

...do 

.. do 

-do 

..do 

..do 

tyiCoUeate do 



ity (Hud- do 

al Co. ). 

ity (Trac- ! do 



). 

ty ( Mebl & 

ity (Coal 



do 
do 



Depth. 

Fetl. 
730 

l.OlHl 

««) 
511 

at* 
am 

577 

44KI . 

«il 
4^1 
« <6f 

ami 
45r> 

i.3r> 

l.otV) 
650 

I.UC 



r,!^.^ vwi-' H«^ht 



ter. 



Rcaii4iri:>. 



. '• : Barlingtou 

I Union 

lo'' Monmouth 

1>" Ocean 

.... do 

or 



«• Atlautir 

ing I Or^an 

' do 

wn ^^ Bnrlini^m 

vn (2 miles Morris 



>lly 

' (Mount 

:t). 

Balen tine's) 
(Celluloid 

( Citizens' 



Burlington 
Elsroex 



do 
do 



do 



nunnte.1 watier. 



Iurh4M. Galhtun, 
......v.'. 107 


Ffft. 






h 125 




4 2, 









4 
4t 



1:90 



FlowR. 



Wat^r from 5.T0 f ««et. 

Tbroioch trap iuto 
fibate. No water. 

Ku water found. 



Many. 



h-6 

8 



^-«W 



Flows. 



Bort*d in 1K2S. Bock 
at 44 i feet 



SS 
33 

50 



Salt wat^r. 



ti-4 5»» 

5 Few. 



15 
Few. 



• R4irka5- 1,500 feet. 



l.tO 



4.'iO 








715 








()IHl 


— — 


50 

3i 

1(1) 




5.15 
47:» 


Flows. 

+17 

+200 

Flows. 

Flows. 

+ 42 

-«V 


flOlMEr» 
562 


6 


7U0 


« 


1«0 
25 

60 

2i 


922 
457 
4.> 

675 


6" "' 


510 


r 


45 

150 
21N) 

50 




^ 
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No flow. 



No water. 



Brackish water. 



Several wells. 
Temp. 66". 



Impure water. 
Soft water. 



rd, etc.. New Jersey Oeol. Surv . Report for IS98, pp. 98-100. 

rd, etc. New Jerw;y Gi-ol. Surv.. Report for 1.S84, j). 127: l^<»5, p. I'.ti. 

rd,etc. New Jersey Gool. Surv., RoiK)rt for 18H5, p. 131: ISOl, pp. 1$)0-193. 

rd, etc.. New Jersey (lool. Surv., Report for IblH, pp. 4417 -40!». 

rd, etc.. New Jersey Gool. Surv., Report for 181*6, pp. 12ii 127. 

rd, etc.. New Jersey (ifol. Surv., Ro|)ort for 1806, pp. 1()<»-1C8. 

rd, etc. Now Jersey Oeol. Surv., Report for 18J»7, pp. 247 248. 

rd, etc.. New Jersey Geol. Surv., R«»|)ort fcr 1894, pp. 21)0^201. 

rd. New Jersey Geol. Siirvoy, Roi>orts for 1879, p. 132; 1882, p. l-S); 1885, p. 111. 

, Report for 1895, pp. 147-14^. 

. Report for 1880, p. 1«>5. 

. Reports for 1879, pp. i:«) i:J2: 1882, pp. KJS-UO: 1885, p. 118. 

. Reports for 1880, p. 172; 1882, p. 1:39; 1885, p. 111. 

, Report for 18W, ]>. uo. 

, Report for 1888, p. 77. 

, Report for 1897, pp. 247 24>». 

rd, etc. New Jersey (iiM)l. Surv., Report for 1894, p. 75. 

rd, etc. New Jersey Geol. Surv., Report for 1885, p. lai: 1884, p. 125: 1895, pp. 148-140. 

rd, etc.. New Jersey (^eol. Surv., Report for 1898, pp. 9b-98: IWH), j.\>. 7:>-74. - 

rd, etc.. New Jersey (^eol. Surv., Report for 18J«5, pp. 

rd, etc. New Jersey (H»ol. Surv., Report for 1895, p. 

rd. etc. New Jersey Gool. Surv., Reiiort for 1803, y 
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DEEP BORINGS IN THE UNITED STATES^ PART H, 



XEW HAMPSHIRE. 



Location. 


County. 

Ktraffcvrd 

Mcrriinao. 

HillMlioro .... 


D(»pth. 

Feet. 
400 
1.325 


Diame- 
• ter. 


Yield 
mluute. 


Heiffht 

or 
water. 


Bemar 


Dover 


Inches. 
6 
A 

H 


tiailotis. 
1011 
Few. 

Few. 


Feet. 
No flow. 
-1« 

N<» flow. 




Concf »r<l 


Well abAE 


Maii('hoHt«*r 


water at S 



XKM^ JKK8KY. 



Allenburst > . . . 

Do 

Anbiry Park " . 

Do 

Do 

Do.3 

Atlantic City * 



Do 
Do 

Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 



Do 
Do 
Do 



Monmouth 

do 

do 



5ao 

iV46 



do 800 

do 1,13I)-VH5 

.... do ; 1,330 

Atlantic .... 678 



do 
do 



...do 
..do 
. . do 

.do 
..do 
.1 do 
.. do 

..do 



Do.» 



do 

.do 

do 

An 



mi 

1,160 

mo 

664 
736 
TiSL) 
780 
7«3 



1 


» 


6&i 


6 




1.000 


8 




6 




8-6 




(Mi 
8 
6-4i 


60 


6 






ft-44 

8 



Atlantic Hifirhlands . 

Avalon* 

Avon Inn' 

Bayhead 

Do 

Bayhead (1 mile ! 
north)." I 

BarnegatPark' i 

BayoDne ' 

Beach Haven »" 

Do.« 

Belmar* 

Do 

Berkeley Arras " 

Bemardsville 

BriKantine>* 

Brookdale " 

Burlincrton 

Cape May Point ' * . . . 

CrabLsland 

C<»lumbu8'* 

Daretown'* 

Deall)each 



Monmouth 
Cai>e May . . 
Monmouth 
Ocean 



QO 

do 



do 

Hudson 

Ocean 

do 

Monmouth 

do 

Ocean 



Somerflet 
Atlantic . 
Essex 



Capo May.. 



Burlinsrton 

Salem 

Monmouth. 



1,:«H 



806 
84:) 
813 

1,4<MI 



480 
ft26 

av) 

710 
885 
813 

070 
600 
4:)0 
576 
446^180 
((4(M60 
475 

(Uil 
708 
712 
676 
460 
520 
715 
406 
.'iOO-625 



10-44 



H-4i 
6 
6 

KM 



4* 

10-44 
3 



160 
Many. 



40 
1(X) 
106 



**-3 



3 

8 



6 



3 
6 



260 
75 
62 



a5 



Few. 

10 

126 



60 

100 
174 



Flows. 
Flowa 
Flowa. 

Flows. 

Flow. 

Flowa 

Flows. 

Flows. 

+5 

Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 



Flows. 
Flows. 
Flows. 



Flows. 

H 

Flows. 
Flows. 
Flows. 
Flows. 

Flows. 



Flows. 

Flows. 
Flow. 
Flow. 
To sur- 
face. 



Plows. 



' Record, etc.. New Jersey Qeol. Surv., Reix>rt for 18«i, pp. 4l.'M14. 



Good watei 

ao«». 

Two wells. 

Water at 
from 338 1( 

No water 

feet. 
Pumps £900 g 

Do. 
Pumps 260 g 



No water 
depth. ! 
flows aboi 

Pumps 125 g 

Pumpn 400 
temp. 66**. 

No water 
depth. i 
flows abo^ 



Plows. 



-ItlO 
Flow. 



Four wells. 
Two wells. 



Unfinished. 



Two wells. 



2 Record, New Jersey Geol. Surv., Reports for 1883. p. 20; 18H4, p. 124; 18H5. p. 120. 
' Record. et<.*. , New Jersey Geol. Surv., Report for lHa6. pp. 72-74. 

* Re<'ordH, etc., of many wells at Atlantic City. New Jersey Geol. Surv., Rei>orts for 
1889, 1H02, \mi. 1804, 1H05,1HW, IHOT, 18J«8. and 1890. 

' Record, New Jersey Geol. Surv., Report for IHOO. p 90. 
• • Record, Now Jersey Geol. Surv . Report 1H98. pp. 78 82. 
' Record.etc , New Jersey Geol. Surv., Report for 18s5, p 130. 
" Record, etc. . New Jersey Geol. Surv. , Report for 18J«. pp 394-39<i: 1896. j). 162. 

• Records, etc.. New Jersey Geol Surv., RoiM)rt for 1896. p. 164. 

>o Record.etc, New Jersey Geol. Surv . Report for 1H90, p 2(56; 1893, pp. .»4-306. 

»• Record, etc.. Now Jersey Qeol. Surv , Report for IS84, p. 127; 1885, p. \'U. 

•' Record, etc.» New Jersey Geol. Surv , Report for lrt»5. pp. 77-79. 

*" Record, etc.. New Jersey Geol. Surv., Rejwrt for 1897, pp. 227-229 

'* Record, etc.. New Jersey Geol. Surv , Report for IHM, p. 140. 

** Record, etc.. New Jersey Geol. Surv., Report for isifci, pp. .'I05-30»V 

*• Record, etc.. Now Jersey Geol. Surv., Report for 1897, pp. 2.'n)-25;{. 
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Location. 







ingdale ^ 
gton ... 
Lee 



■huklin* 

paenwich » . . . 

■wasboro^ 

afrigoDville ^. 
MKnrey Cedars 

Da* 

jBfcslet' 

r<«^bokeD* 



Lolrndf^po 

iMoiesburff ' > 

i»»8ey City (Lim- 

taeck '» brewery ).» ' 

•l-aey City ( Malone 

^Co.). 
«T8ey City (Stock 
. Vards).J» 
^rsey City (Com- 
. inunipaw). 
**rsey City (Su^ar 

Hefiuery). '^ 
t^ersey City (Cox's 

bpfnwerj').'^ 
Jersey Citv (Dixon 

Co.). 
i«r»ey City (Colj^ate 

&Co.). 
Jersey City (Hnd- 

Bon Canal Co. ). 
Jersey City (Trac- 
tion Co.). 
Jersey City (Mehl & 

Co.). »* 
Jersey City (Coal 

dock).»» 

JoVjstown, '" 

Kearney 

LakeComo" 

Lake wood '*' 

Do.'» 

L<x;h Arbor 

LonRport^® 

Mantoloking 

Do." 

Moorestown" 

Morristown (2 miles 

west). 

Mount Holly 

Montclair (Mount 

Prospect). 
(Newark (Balentine's) 
Newark (Celluloid 

Co.). 
Newark (Citizens* 

OasCo.). 



County. 



Monmouth. 
Hunterdon 



Elssex 

Cumberland 
Gloucester.. 

...do 

Ocean 

do 

Monmouth . 

Mercer 

Hudson 

Monmouth.. 
Middlesex... 
Hudson 



do., 
.do. 
do. 
do 
do. 
.do. 
do. 
do., 
do. 
do. 
do. 



Burlington 

Union 

Monmoutli 

Ocean 

.... do 



Atlantic . . 

Ocean 

do 

Burlington 
Morris 



Burlington 
Essex 



do 
do 

do 



Depth. 



Feet. 
730 

406 
1,000 

400 
(HN) 
51) 
4052 
/iOO 
500 
577 
428^'ifN) 
400 

601 
4^1 
77tti 

500 

455 

500 

1,000 

400 

1,205 

1,500 

650 

2,200 

1.007 

450 

716 
600 
535 
475 
600-625 
562 
«03 
7«0 
022 
457 
438 

675 
510 

520 

«27 

600 



^^' minute. 


Heiffht 
water. 


Inclie8. 


Gallons. 


Fret. 




107 


-161 




8 
4^24 


125 






1 


! 








4 

8-4* 


100 
120 


Flows. 

+ 6 


Many. 







.... 


8-4 

tMJ 

8 




Flows. 


53 

38 

50 






--------r- 


■ 


8-4 
5 


50 

Few. 

23 

15 

Few. 












i 

! 




150 


















50 

''3i 

100 






Flows. 

+17 

+200 

Flows. 

Flows. 
+33 
+42 


6 


6 


180 
25 

60 






6 


21 


-60 


7| 


45 

150 
200 

50 






10 


No flow. 





Reinurks. 



Watt»r from 630 f«'et. 

Through trap into 
shale. No wat«r. 

No water found. 



Bpred in 1828. 
at 40 feet 



Rock 



Salt water. 



Rock 35-1, 500 feet. 



No water. 



Brackish water. 



Several wells. 
Temp. 66°. 



Impure water. 
Soft water. 



* Record, etc.. New Jersey Oeol. Surv. . Report for 1898, pp. 98-100. 

« Record, etc, New Jersey Qeol. Surv., Report for 1884, p. 127; 1885, p. 133. 

s Record, etc. New Jersey Geol. Surv., Report for 1885, p. 131: 18Jit, pp. 1JK»-193, 

* Record, etc.. New Jersey Oeol. Surv., Report for 1894, pp. 4<»7-4(*J>. 

* Record, etc.. New Jersey Geol. Surv., Reiiort for 1896, pp. 12i}-127. 
« Record, etc.. New Jersey Oeol. Surv., Report for 1896, pp. I6«i ir»8. 
' Record, etc. New Jersey Oeol. Surv., Report for 1897, pp. 247 248. 
« Record, etc.. New Jersey Oeol. Surv., Report for 1894, pp. 200 201. 

* Record, New Jersey Oeol. Survey, Reports for 1879, p. 132; 1882. p. 13J»: 1885. p. 111. 
>«» Ibid., Report for 1895, pp. 147-148. 

»> Ibid , Report for 1880. p. 165. 

»' Ibid., Reports for 1879, pp. i:«)-i;J2; 1882, pp. 13S-140: 188,-., p. lis. 

>s Ibid , Reports for 1880, p. 172; 1882, p. i;J9; 1885, p. 111. 

»« Diid, Report for 1888, p. 140. 

>» Ibid., Report for 1888, p. 77. 

>• Ibid., Report for 1897, pp. 247-248. 

»' Record, etc. New Jersey Oeol. Surv., Report for 1894, p. 75. 

J** Record, etc.. New Jersey Oeol. Surv., Rc»port for 1885, p. 131; 1H84, p. 125: 1895. pp. 

>» Record, etc.. New Jersey Oeol. Surv., Reinirt for 1k!)8, pp. 9G-JI8; 1899, i»p. 7:^74. 

«® Record, etc.. New Jersey Oeol. Surv., Rej)ort for lH^k>, pp. 8S-i«&. 

«» Record, etc. New Jersey OeoJ. Surv., Re])ort for IHfto, p. T«. 

" Beoord, eta, NewJeney Geol Surv., RoiK>rt for 1803, pp. 4Vi-4V\. 



148-149. 
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NKW ,rEUSKY-Continued. 



Location. 



County. 



Newark Ehhcx 

Newark (Balen- do 

tine's). > 

Newark (smelter)' ..• do 

New Bmnswif'k ' | Middlt^sex . . 

Do.* 1. . do 

Do do 

North Spring l^ka . . I Monmouth . 
Ocean Bowh * .do 

Do.« L... do 

Ocean Grovo* do 



Do.» 

Ocean City *. 

Do.» 

Do."' 

Do 

Passaic , 

Do 

Do 



do . .. 

CajMi May 

— do 

.... do 

.... do .... 

Passaic 

do 

do 



Paterson " i do 



Do 

Point Pleasant '- 

Poplar 

Reedy Island " . 
Sayrevillo'v.. .. 



Soabright*' 
8eaidrt»«.. 



d«» 

Ocean 



Depth. 



Feet. 
015 

m) 

HA 
4M0 
tfTtt 

4M5 

43() 
1,1:M 

NM) 
Kil 
7tM» 

44 1; 

l.(KJI) 

2, Km 



Diame- 
ter. 



Ifichea. 

8 
8 

8 

u 

8 


3 

a 

6 



8-4i 
H 
8 



Yield 

n«»r 

rafuuto. 



Gallons. 
STitf 

500 



il*df(ht 

of 
water. 

Fret. 



Few 

I 

KM) 
25 
50 
40 



I. 



8-4 



Middlesex . . 
Monmouth... 



Seaside Park > * . 
Sea Isle City ' - 

Do>» 

Sccaucus'".. 

Seven IslantlK" 

Do 

Sewoll 



Smiths Landing >'' . 
South Beach Ha v«»n '" 

Spring Lako 

Telegraph Hill" 

Toms River •'* 

Union 

Ventnor'* 

West Asbury Park ^"^ 

Waverly 

Wildwood 

Do 2' 



Ocean . . . . 

Cape May — 

— do 

Hudson 



Gloucester. 

Atlantic . 

( )ceuii 

Monmouth. 



Wo(Histown 



Ocean 

Union 

Atlantic . . . 
Monmouth. 

Union 

CajH^ May.. 
do , 



Suloni 



UlJO 

mm I 
^) I 

570 
976 

715 



755 



515 
4(V4 

854 
000 

40K 

5:{5 

4L*0 

715 
4^5 
4«5 tSi 
575 
74,-» 
500 

Ki:j 

508 55S 
IWV5 

1,:M4 



6-4i 



140 
Many. 
Many. 
Many. 

2Hi 

112 
Few ' 

KM) I 

100 
45 



Flows. 

f.U 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 

-28 

-28 



20 
7 



Flows. 
Flows, 




6 

G-a 

a 
(> 



50 I Flows. 

1« Flows. 
Flows. 
+ 14 
Noflow. 



IKO 

8 

70 
(10 



loo 

10 







< I 



G 



150 each 
Few. 
aoo 
10 



Flows. 
Flows 



-^7 

\U 

Flows. 



Flow. 
Flows. 



Flows. 
Flows. 



Rema 



' Very hard 
Water at :*• 



Temp. 60°. 



Water at 4^ 

Wat<*r at 
only. 



Some wat 
feet. 
Water 36 

3W).«85-71,' 
Temn.OS'^;^ 

at 570 and 
Temp.58*. 



Water f ron 
feet. 



Wat^'r h1s»> 
and .tl(5 fe 



Ten wcILh. 
F<mr woUs. 

Temp.fj:j«. 

Tom p. 07^; 
at 025. 75< 
1,185 feet. 



' Record, etc.. New .Tors«»y Geol. Surv., Reports for l.s7», p. 12»i; 1882, p. 142; 188-5, p. 11 

•^ Record, etc.. Now Jersey Geol. Surv., Roi>ort for 1871), i>. 120: 1882. p. 142: l88.->, j) 11 

3 Record, etc.. New Jersey Geol. Surv., Rejiort for 187U, j). 1.0: 1882, p. 147; 1885, p. 115 

^ Record, etc.. New Ji'rsey Geol. Surv., R«'port for ls«7, i>.27. 

* American Journal of Science. Sd series, vol. ."UJ, j>. 1(J*?. 

« Record, et*'.. New Jersey Geol. Surv., Rejiorts tor 1884, p. 124: l8S.'i. ]»i). 12l»-131. 

^ Record, etc.. New Jersey Geol. Surv., Report for IslM, pp. 74-75. 

" Record, etc.. New Jersey Geol Surv., Report for 18<i;{, pp. :»8-a«i. 

■•• Record, etc.. New Jersey Geol. Surv., Report for 18tti, pp. 171-173. 
i** Record, etc.. New Jersey Geol. Surv., Report for 1802, pp. 279 281. 
" Record, etc.. New Jersey Geol. Surv., Report for 1879, ]). 128; ls82. p. 143: 188.5, pp. 1 
'-' Record, etcv. New Jersey Geol. Surv., Re]>ort for 1895, pp. 70-77. 
13 Record, etc.. New Jersey. Geol Surv., ReiHjrt for 189=5, pp. 141-142: l.'<;»7, pp. 218-249. 
' • Ibid., Report for 1887, p. 27: 1888, p. 77. 
>^ ll.id.. Report for 18W, pp. 70-77. 
'" n.id., R«'port for 1895. pp. 75-70. 
' ■ Ihid , Rep«.rt for 181W, ]>p. 101-102. 
'^ ll.id , Report for 18!io. p. 2iW. 

'» Ibid., Reimrt for 189<i. pp. 175-177; 1880. p. 211; 18H0. p liK.». 
2" Ibid., Report for 1879, p. 129; 1880, p. 172. 
^' Ibid., Report for 188.5, p. 1:15: 1891, pp. 'S»\-Zn 
" Ibid., Report for 1891», pp. 104-100. 
2' Ibid., Report for im\, p. 153. 
^* Ibid., Report for l89:i pp. ;{99 400; 1894, pp 159 ls<>: 



^^ Ibid., Report for 1S98. i)p 70-78. 
'• Ibid., Report for 18<«i. pp 74-70. 
*' Ibid., Report for 1h?i7. j>p. 247-248. 



l.Hl»8, ji]). l<rj 
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UBLICATIONS RELATING TO DEEP BORINGS IN NEW JERSEY. 

New Jersey Greological Survey, Reports of the State Geologist for 1868, 1879, 

«2 to 1885, 1887 to 1889, 1890, 1892 to 1899. 

United States G^logical Survey, Bulletin, No. 138, Artesian Well Prospects in 

le Atlantic Coastal Plain Region, by N. H. Darton, pp. 89-115, plates, Washington, 

196. 

XKW MEXICO. 



Location. 



mmp; 
,dy« . 
Hup . . 



lam 

8 Vegas . 

inuelito . 

ton 



Do .. 
dtaFe 



County. 



Grant 

Eddy 

McKinley... 

do 

San Miguel. 



McKinley 
Colfax .. 



do.... 

Sante Fe. 



Depth. 

Feet. 
080 

1-600 
600 

600 
1.860 

610 

1,878 

1,872 
1,116 


Diame- 
ter 

Inchet. 
6 


Yield 

i)er 

mfnnto. 

(iallona. 
Many. 


Height 

of 
wat«r. 


Feet. 

- 18 

No flow. 


10 

10 
6 

11) 

6 

6 


Several. 


Several. 
Few. 
Few. 


— 30 


-300 
-300 











Romarks. 



Never used. 

No water Ijelow 136 
feet. 

Strongly mineral 
water: abandoned. 

Unsatisfactory 
water. 

Two wells; abaa- 
doned. 



JBLICATIONS RELATING TO DEEP BORINGS IN NEW MEXICO. 

Eieport on New Mexico, by L. Q. Carpenter, Fifty-first Congress, first session, 

nate Ex. Doc., No. 222, pp. 233-241, Washington, 1890. 

Eleport of P. H. Van Diest, on the Geological Conditions of Artesian Basins in 

istem Colorado and New Mexico, Fifty-first Consress, first session. Senate Ex. 

)c.. No. 222, pp. 233-241, Washington, 1890. 

On the Occurrence of Artesian and Other Underground Waters in Texas, eastern 

)w Mexico, and Indian Territory west of the ninety-seventh meridian, by Robert 

Hill. A Report on Irrigation, etc. , by R. J. Hinton, Fifty-second Congress, first 

ision. Senate Ex. Doc., No. 41, part 3, pp. 41-166, Washington, 1893. 

NKW YORK. 



I.KX!ation. 



bany 

3xander 



County. 



tica* 

(burn ♦ 

Do 

irora* 

Idwinsville 

Idwinsville ( 1 mile 

outh).« 

Id winsvilleri 1 mile 

lorth).' 

llston 



Albany . . . 
Genesee . . 
Allegany. 



Wyoming. 
Cayuga ... 

do 

do 

Onondagii . 
do 



....do... 
Saratoga . 



Depth. 
Feet. 



1,060 
3.570 
3,400y 

i,aw 
2. aw 

2,2ri0 

3.7115 

560 



Diam- 
eter. 



Inches. 



«i 



Yield 

per 

minute. 



Gallons. 



Height 
water. 



Feet. 



+iW 



KemarkH. 



City wells. 
Salt well. 
Important field of oil 

wells, embra c i n g 

over 6,500 borings. 

Some 3,000 feet 

deep. 
Salt well. 
Gas well. 

Salty water, 
(ias well. 
Do. 

Do. 

Mineral water. 



Record, Report on Irrigation. Fifty-second Congress, flrnt session, Senate Ex. Doc. No. 41, 

rt 2, p. 16, Wa-shingtou, 1W»3. 

Records, Am. Inst. Mining finginoers. Trans., vol. !♦>, pp. 03(»-ii;M. 

Record, Report of Supt. Onondaga Salt Springs for lSMH,pl.2. 

Record, American Geologist, vol. 25, t>i>. 1.)6-160. 

Record, Report of Supt. (>non<laga Salt Springs for 1S88, pi. 2. 

Record, American Geologist, vol. 25. pp. Ia0-15K. 

Ibid., p. 154. 
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XKW Y<>UK-Cf)ntinaed. 



IxMtit ion. 



Barker 

Barren Island * 

Do« 

Batavia 

Bath (1 mile Boutb).. 

Binghamton' 

Bingham ton (north 
of). 

BriHtol* 

Broikport 



Brooklyn Imrongh 
(Calvary C'erao- 
terv.)ft 

Brooklyn borough 
(foot of Thirty- 
ninth and Fortieth 
streets). 

Buffalo 

Do.* 



Do 

Barden 

Cairo (3i miles south- 
west).' 
Caledonia 



Do." 

Campl)oll* ... 
Canaudaigua. 
Canastota — 
Canisteo 



Cardifr« 

Castile* 

Cedarville 

Charlotte Center'" 

Do. »' 

Chittenango'a 

Clifton Springs".... 
Clyde 

Do.'> 

Clymer(4milc8east)'< 
Cohocton (near) — 



Carfu (2 miles west) . 

Curlerville " 

Dansvillo 

Dundee 

Do 

Eagleville 

East Aurora " 

East Buffalo 



County. 



Niagara 
Queeun . 

do .. 

Genesee . 
Steuben. 
Broome . 
do... 



Ontaria 
Monroe 

Kings.. 



do 



Erie... 
....do 



do.... 

Columbia 
Greene... 



Livingston . 



do... 

Steuben. 
Ontario . 
Madison 
Steuben. 



Onondaga... 
Wyoming..., 

Onondaga 

Chautauqua 

do 

Madison 

Ontario 

Wayne 

Chautauqua 
Steuben 

Genesee 



Depth. 



Feet. 

7'M 
740 



Diame- 
ter. 



Yield I Height 

per of 

minuto.j water. 



2,m) 
3,117 
2.000 

+750 
2.000 

582 



1,508 



490 

l.a(i6 

516-525 

560 

g(K) 

2,200 

1.100 

700 
2.2SU 



648 
2.000 

844 
2,525 
1,157 
2,3JJ2 
2,2112 
3.026 
710 
450 
1.7»2 
1.975 



Livingston 

do 

Yates 

do 

Madison . . . 

Erie 

do 



Ekien Valley " do 

Predonia"* ' Chatauqua. 



Fulton >• 

Garden vi lie " 

Gasport 

Genevu 



Oswogo . 

Erie 

Niagara. 
Ontario . 



1,208^ 
1,248 
1,145 
1.8(N) 
2,000 
1.300 
1.889 
l,4fi5 
1,503 
.000^3,000 

1,750 
1,207 



1,656-2,050 

800 
2.007 



Inchea. (Jallons. 



6 



8-6 



6 
5i 



51 



6 



8-6i 



1 



60 



70 



Fett. 



Flows. 
Flows. 



-310 
- 25 






15 and 
-1.35 



Flows. 



Remarks. 



Salt, oil, and Ran 
Excellent watei 



Gas welL 



Salt well. 

For gas; nnsQ< 

fuL 
Soft water. 



Salt water. 



Gas well. 

Do. 
Several gas we! 
Gas welL 

For oil or gas; 

doned. 
Salty, sulpha 

water. 
Salt welL 
For oil or gas. 
Several oil wel 
Bitter brines. 
Several unsucc 

borinfcs for g 

Salt well. 

Do 
Foroil;un8uooi 

Do. 
Gas well. 
Salt welL 



Gas well. 
For oil. 

^Several gas we 

Salt well. 

Rock salt at 1.8( 



Salt wells. 

For gas; unst 

ful. 
Salt well. 
Much salty i 

several gas w 

vicinity. 
Several gas we 
Salt well. 
Gas at 1,060 fee 



• Record, N. J. Geol. Surv.. Report 1896, pp. 155-15«>. 
Mbid.,pp. I5<i 1.57. 

'■* Kecord, Geol. Soc., of Am.., Bull., vol. 4, pp. 93-94. 

* Hocord, Rept. Supt. Onondaga Salt Sprmgs for 1888, pi. 2. 
"• Record, U. S. Geol. Surv., Bull. i:«, j). 34. 

^ Kecx)rd, Am. Inst. Mining EngineerH, Tran.«».. vol, 10, pp. 924-925. 

' He(!ord, Am. Inst., Mining Engineers, Trans., vol. l«, p. 9.'i<l 

" Record, Report Supt (^ondaga Salt Springs for 18S8, pi. H; Report for 1885, p. 15c 

" Record, Geol. Soc. Am., Bull., vol. 4. j)p. 97-HX». 
'" Record, Pa. 2d Geol. Surv., Rept., vol. I», p. 325. 
»' Ibid., pp. 325-336. 

■"^ Record, Geol. Soc. Am., Bull. vol. 4, p 101. 
•^ Record, Am. Inst. Mining Engineers, Trans., vol. 16, p. 942. 
'* Record. Pa. 2d Geol. Surv., Rept. , VoL I», p. 228. 
'•' Analysis, Am. Inst. Mining Engineers, Trans., vol. 16. pp. 918-92.3. 
'" Record, Geol. Soc. of Am., Bull., vol. 4, pp. 105-106. 
'* Record, Report Supt. Onondaga Salt Springs for 1888, pi. 2. 
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XEW VOUK— Contiiiuea, 



»tioa 


County. 

1 


Depth. 

Ffet. 
1.400 

i,aio 

1,700 

1,(W)0 

700 

406 
64« 

l.TiOO 
2.000 

«02 
1.500 

i.r>22 
l,i:» 

f 2,230 

1 2.2rj0 

3, 1S.5 

1,807 

l.CUO 
3,012 
2,200 

1,(«3 
l.ltio 

878-1, OOtJ 
l,rjl¥) 

H00-1.9«J» 
1,4;12 
1,100 


Diame- 
ter. 


Yield 

m'r 

minutcv 

GaJIinui. 


Height 

of 
water. 


Remarks. 




Niagara 

Schuyler 

Cattaraugus . 
Onondaga — 

Lewis 

Li\iug8ton . . . 

Queens 

Ontario 

Monroe 

8teuV)en 

Columbia — 
Steuben 

do 


Inche». 


Feet. 


Several good gas 

wells. 
For oil : unsucx^essf nl. 


ings 


k' 








Salt well. 


nt" 


















Bored for oil. 


le' 








Salt wella 


ktion * 


















Gas at 610 feet: sov- 


Falls* 








eral gas wells in 
vicinity. 
Gas well. 


(one-half 






For oil or gas; unsuc- 


«t). 

rifle' !'.".' ."I* 


6 
«1 


1 


-flO 


cessful. 
Gas at 650, 940, and 








1,200 feet. 
Gas well. 




Herkimer 

Tompkins 

do 

Chatauqua... 

Onondaga 

Albany 

do 

Livingston . . . 
do 






Gas in small quanti- 
ties at 800, UijO, and 
1,000 feet. 

Two dry salt wells. 




KMil 






••••■*****" • 


8-5i 
8-,54 






one- fourth 







Gas welL 


ithK' 

rn * 






Unsuccessful boring 


le» 








for oil. 
Salt well. 


nlle>« 








Gas at 497 feet only. 


•svillo m 




■ 


For gas; unsuccess- 


[)rth).»» 

13 




1 


ful. 
Salt well. 










Do. 




Genesee 

Cattaraugus . 
Onondaga... 
Livingston... 
do 








Salt wells. 


e>< 


4* 






For gas or oil. 


I 






Salt wells. 


i 


Shaft. 






Salt mine. 








Salt well. 




Niagara 








Do. 


llle 


Tompkins 

Orange 

do 


1.821 

2,010 

tiOO 

420 

1,140 

1.889 

1,130-1,422 

i,»vy) 

1,400 
000 
500 

1,(M7 
54)0 
000 


8 

10-8 

A 








Salt wells. 


wn 


80 


Plows. 
-60 
-30 






Two wells. 




Herkimer 

Onondaga.,.. 

Madison 

Livingstrtn . 

Ontario 

Sullivan 

Richmond . . . 
West<*hester . 
New York 

do 

do .' 

do 




Sulphurous water. 


ly 8 Mills.... 




unfit for use. 
Salt well. . 


le"* 








Gas well. 


orris*' 








Several salt wells. 










Salt well. 


k (near) 








Qas boring; aban- 


p 








doned. 
No water. 


belle 

k City, 10th 
shingtonsts. 
k City, nth 
ienwichsts. 
k City, 28th 
Broaaway. 
k City, 47th 
4th ave. 


10 
6 

8 

8 

8 


«o6 

10 
100 
100 


-10 
No flow. 

No flow. 

No flow. 

No flow. 





for 1884, pp. 12-15; 1888, pi. 2. 
, 1888, pi. 2. 

rd, U. S. Geol. Surv., Bull. 138, pp. 30-.31. 
rd, Pa. 2d Geol. Surv., Report. Vol. P, p. 320. 
rd, American Geologist, vol. 25, pp. i;t; III'). 

rd and analysis. Am. Inst. Mining Engineers, Trans., vol. Irt, p. 941; Report Supt. Onon- 
. Springs for 1H88, pi. 2. 

rd. Pa. 2d Geol. Surv.. Report, Vol. I*, p. 126. 
pd. Report Supt. Onondaga Salt Springs for 1888, pi. 2. 
pd and analyse. Am. Inst. Mining Engmeers, Trans., vol. 16, i)p. 951-952. 
[nst. Mining Engineers, irans., vol. 1«, pp. 9.>3-954. 
rd. Report Supt. Onondaga Salt Springs for 1888, pi. 2. 
Report for 1884, pp. 19-20. 
Pd, Pa. 2d Geol. Surv., Report, Vol. II .p. 272. 

•loan Geologist, vol. 15. p. 379; N. Y. State Geologist Report, 1893, vol. 1, p. 13. 
•d, Geol. Soc. of Am.. Bull., vol. 4, pp. 96-97; Report Supt. Onondaga Salt Springs for 1888, 

•d, Report Supt. Onondaga Salt Springs for 1888, pi. 2. 

IRR 01~0'J :? 
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XKW YORK-(:ontinue<i. 



Location. 



C«>anty 



New York City. 50th 

jit.and Utbave. I 
New York City. TScl 

Bt-andHth ave. 
New York City, 50th 

8t. and 5th ave. 
New York City. IBd 

8t. and 3d ave. 
New York City, 145th 

St. and 8th ave. 
New York City, 

Washington Bnifd- 

ing. 

New York City, Man- 
hattan Insurance 
BuU<ling. 

New York City, Lib- 
erty and NasHaa RtS 

New York City, NY. 
Life Ins. Bailding. 

New York City, Pul- 
ton Bfarket 

New York City, 
Broadway and 
Bleecker st. i 

New York City, La d.) 

fayette and Bar- 
nard sts. 

New York City, 
Boulevard and 7^ 

St 

New York aty,14«th 

St. and 8th ave. 
New York City, »9th 

St. 

Do 

New York City. 67th 

St. near 3d avo. 
New York City. erth 

St. near 2d ave. 
New York City, Mor 

ris and Greenwich 

sts. 

Do 

New York Mills • .... 




Depth. 



Diame- 
ter. 



Yield ' 
jK.»r 
nimnttr. 



HeiK'ht 

of 
water. 



Remarlo* 



f^et. I IncheH. , (SaUotm 
TtIO , 8 



do 



New York 
....do 



do 
do 

do 

do 



Niskayuna 

Norwich 

Do.a 

Nunda' 

01ean< 

Pearl Creek 

Pearl Creek (1 mile 
south). 

Perry** 

Penn Yan* 



Phoenix 

Piffard* 

Port Collx>rne ' 



Port Jervis 

Richland 

Rock City (near;".. 

Rock Glen > 

Rome • 

Do.'« 

Saltvale^ 

Sandy Creek , 

Do.il 



....do. 
Oneida . 



Schenectady. 

Chenango 

...do 

Livingston... 
Cattaraugus . 
Wyoming — 
do 



i.aoi) 

5U) , 
«H5 
605 i 
l.fNK) 

m) 

448 
7(10 
TOO 

600 

l,.'i06 
1,504 

1,602 

625 



70f> 

2,000 

400 

900 

2.334 



do 

Yates 



Oswego 

Livingston. 
Erie 



Orange 

0«wego 

Dutche-Ms 

Wyoming — 

Oneida 

. . do 

Wyoming — 

Oswego 

do 



1,230 
1,182-1,194 
1,241 

2,108 



2.600 
961-1.141 
77t)-l,5a> 

1,400 



9 
KM* 



1 ,471-1 ,54l> 

2,111 

l,6:i2 

8:fcs 

1.4;W 

i,f»()0-i,2r(0 

1,14-) 



8 
8 

8 

8 

8 
8 

8 
6 



twt. 

m\ No flow. 
8 No flow. 
m No flow. 

:»» No flow. 

I 
. ... No flow. 

No flow. 



«•> 



80 



80 



81) 



25 



500 



No flow. 

NorttJW. 
No flow. 
No flow. 
No flow. 

No flow. 



U 

50 
40 



75 



Nofli>w. 

No flow. 

No flow. 
-32 

-:J8 

No flow. 

No flow. 
-2<V 



Har<l wat«r. 



AiHttidoned. 

Do. 
Df>. 

Do. 

Do. 



Do. 
Gas at 500 fee 

Small amouni 
Do. 

Gas well. 
Salt wells. 
Salt well. 

Heavy bed of 
Small supply 

for several ' 
Gas well. 
Several salt ^ 
Several s m a 

wells. 
UnHuccessful. 
Numerous gai 
Oil wells. 
Salt well. 
Gas wells. 
Gas well. 
Salt well. 
Numerous oil 
Gas at 675, 765, 

feet. 



> Am. Inst. Mining Engineers, Trans., vol.l0.pp.».'»K-9r>u. 

2 Record, Geol. Soc. of Am., Bull., vol. 4, p. 95. 

s Record. Report Sunt. Onondaga Salt .Springs for 1888, pi. 2. 

< Am. Inst. Mining Engineer.s, Trans., vol. 10, pp. 939-940. 

•^Ibid. 

• Record, Report Sunt. Onondaura Salt Spring: for 1884, pp. 20-2L 
'Record, Am. Inst. Mining Engineers. Trans., vol. 17, p. 401. 
•Record, Pa. 2d Geol. Surv. Report, vol. I<, p. KW. 

• Record, American Geologist, vol. 2.5, pp. 13f-143. 
»«>rbid.,p. 145. 

'*Recora, Qeol. Soc. Am., Bull., vol. 4, p. VSl, 



DARTOK] DEEP BORINGS IS THE U^flTED STATIST PAKT U. 



XKM' VORK— U-mn-ofii, 



Location. 



Coanty 



Oetz^-ille Ni 



Glen Springs Scbnyler 

Uowauda ' CattaraciTDs 

Gre*.*npoint ' Onoodai^a ... 

ilreig — Levis 

Gn.'ifJrsvillo » Livingston.. 

Hollis Station ^ One<en» 

Honeoye Ontario 



Honeoye Falls * Honroe . . 

Howard cone -half St<enr<en.. 
mil** wetit>. 

Hudson Colombia 

Homollsville Stenben . . 



r»ri<li. 


iKhSSMr- 


7^r 












traaer 




/*.*! 


J: Hto'is. 


/■<- * 




l.«(l> 











l.ii"' 








r r cl ircfftannewfiu 


l.T»»« 








Afcit >r«-r. 


l.***' 




. 






?»• 




... 




lHr«idf:ectC- 


.I.'»^l-l4i 









?^*^ v^^ft. 


•f« 


... 








6CC 






4lEa* a^ 4d<* feet: utr- 










4-ra. ^ac- tclii' is 










Tjcaxkiiy. 


!.*•• 




. - > - - - _ 


. . 


•«a» V4-^ 


2,««« 


. . _ . 


. - - 




F'r ^cl :e p*^: cimc- 



Do do 

lilion* Herkin>er. 



Ithaca 

Ithaca (one-fourth 

mile south ».* 
Jamestown"' 



Tomi^kins>. 
do 



Jamesville* 

Knowers ville * ♦ 

Kuowersville (|| 
miles north ».»» 

Lakeville*' 

Leicester 

Leroy *' 

Limestone >* 

Liverpool 

Livonia** 

Do 

Lockport 

Ltidlowville 

Middletown 

Do 

Mohawk 



Chatanqua. . . 

Onoodaiea 

Albany 

do 

Livingstoo . . 

do 

Genesee <"> 

Cattaraugus . 
Onondatsa... *>•< 
Livingston . . 

do 

Nia^rara 

Tompkins 

Oranse 

do 

Herkimer 



l.if 

l.SfS 
1.135 



2 iTrft 
ScK. 

l.HC 

a. ••12 

1.1 63 

1. K". 

-I.«*R 

-l.*«E« 
1.4.1* 
1.1'W 



_ ^ 



i.«n 

43) 



Montfredvs Mills 

Morrisville •• 

Moant Morris'* 

Naples 

Neversink <near> ... 

New Dorp 

New Kochelle 

New York C*ity. H»th 

and Washinc^nsts. 
New York City. 11th 

and Greenwich Kts. 
New York City,2»th 

St. . near Broad way. 
New York City. 47th 

St. and 4th ave. 



Onondaga.. 
Madison ... 
Ljviagst'in 

Ontario 

Sallii'an ... 



Richmond . . 
West«*hester 
New York 



1.110 
l.«* 
1,13&-1.#22 
l.»i.V» 
1.4Uii 

»Jfi» 

1.1.V> 



< : -*•• 

*r .. •ia* a: fiSC'. t%tt a»i 

*: Gasw«-a 

<jraft is KnaL "f-saiit}- 

tv^ at ifl€L S&i. sad 
1. tr. .'f^. 

- Tw:. dry a»2t w*-L*. 

•»«twe:L 

I'mroiKwiiMifiil bnrinfT 

SaitweH 

Ga» nt 4SC feet ocly. 

F.-r gas: tmso c o ewtL 

SaltweiL 

!>o. 

Saltwe'J*. 

4t Tot ea.« r»r ofl. 

...... ...... .......... .^S. % ^tVi^A. 

i>haft Saltmine. 

SaltwelL 

_ Do. 

^ Silt wells. 

lius t«i Flows. 

« -^» Twowella 

6 -3^ Suiphuroos water. 

unfit for u»*». 

SaltwelL . 

Gas well. 

Several salt wells. 

Salt well 

Gas boring: aban- 
doned. 

No water. 



.do 

.do .• 

do 



l.«Hr 



!•» -Ill 

6 ««■» No flow. 

>* Ui No flow. 

S in) No flow. 



1 



l«i> .No flow. 



« Ibid. 

5 Ibid, for 18ft4, pp. tJ-lS; 18»W, pL 2. 

>Ibid.,18»<. pl.5. 

* Record, U. S. Geo!. Surv., Bull. \^. pp. .Ti^31. 

* Record. Pa. 2d OeoL Surv., Rejwrt, Vol. I', p. .'Qfi. 

• Record, American Geologist, vol. S, pp. Vii i:j.i. 

' Record and analysis. Am. Inst. Mining Enjirineers, Trans., vol. Irt, p. Wl; Report Supt. Onon- 
daga Salt Springs for 188^ pi. 2. 

•^ Record, Pa. 2d Geol. Surv., Report. Vol. I^ p. 13rt. 

• Record, Report Supt. Onondaga Salt Springs for isss. pi. '2. 

«« Record ana analysis. Am. Inst. Mining En»fine«»r8. Trans., vol. 16, pp. HOI -1*52, 
»» Am. Inst. Mining Engineers. Trans., vol. l»i. pp. ftS^aV*. 
»» Record, Report Supt. Onondaga Salt Springs for 1888. pi. 2. 
»» Ibid., Report for 1884, pp. 1^20. 
> • Record, Pa, 2d Geol. Surv. . Report. Vol. II , p. 2?2. 

»* American Geologist, vol. LVp. 379: N. Y. State Geologist Report. 1890, vol. I, p. 13. 
" Record, QeoL 8oc. of Am., Bfull.. vol. 4. pp. \W^97; Roi>ort Supt. Onondaga Salt Springs for 1888, 
pi. 2. 
" Record, Report Supt. Onondaga Salt Springs for 1888. pi. 2. 
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XOUTII CAROLINA. 









Diam- 
eter. 

lucheit. 


Yield 


, HeiKht 


1 


Location. 


(^mnty. 


Depth. 


IMT I of 

miuute. water. 
(iaUonn. F» ♦ /. 


Remark! 




— 


Fret. 


I 




1 


Charlotte 


Mecklenber^. 
.. .do 


Wl) 


2 




Dry. 

Dry lielowMO 


Davidnon 


i.(r: 






i Kci finw 


L>ui ham 


Durham 

Rowan 




18 


Gold Hill 


1 i) 


Shaft sunk f< 


Hamm(K-kH 


New Hanover 


4(1) 




8 


Watvrat lUiH 


Monroe 


Union 


7a) 


ft^5 


28 


T«» sur- 
face. 




Do 


.... do 


l.(«0 


K-4i 


28 ' Near 
surface. 




North WillcoMljoro. . 


Wilkes 


no 


8 


85 


Uncompleted 


Banford 


MrKire 


515 


61 


45 -:j 




Belma 


Johnston 






1 


Two doep we 

l'nHtl("<*<'»<8ful 


Walnut Cove 


8toke« 


1.(160 


. . - • , . . . 

21 








f<,)r coal. 


Do < I mile Houth ) . 


do 


»«) 






(iiSKl rtow of 










water. 


Wilmingrton 


New*Hanover 


41t5 


' Flows. 


Saline water. 


Do 


do 


1.144 


UMJ aw) 


Flows of l» r J 






1 

1 




water at : 














674. (KK :;u. 














feet:l.'««>-i,':i 














at 51s ftH't: 














l.KWfeet to 



PUBLICATIONS RELATING TO DEEP BORINGS IN NOR! 

CAROLINA. 

Artesian Well Prospecte in the Atlantic Coastal Plain Region, by N. H. I 
U. S. Geological Survey, Bulletin No. 1*^8, 232 pages, plates. Washington, 1 

XOUTII DAKOTA. 



Location. 



Bismarck > . . . 
Devils Lake< 
Dickinson — 
EdK<?lcy 



Ellendale' 

Do« 

Grafton^ 

Hamilton City 3 

Jamestown (asy 

lum).» 
Jamestown ' 



Mandan > 
Medora ^ . 
Oakes^ .. 



Portland 

Rutland* 

Simsi 

Staples 

Towers City' 
Wimhloton » . 



County. 



Burleigh. 
Ramsey . 
Stark ... 
Lamoure 



Dickey 

d<» 

Walsh ... 
Pembina . 
Stutsman 



do.. 

Morton . 

Billin^rs 

Dickey. 

Traill .. 
Sargent 
Morton 



Cass 

i Barnes. 



Depth 



Feet. 
I,ai5 

i,5:a} 

l.Hij 

i.avi 



941 
977 

56<) 
MM) 

i..'ni 

5U 

I!!) 

1 . 'viT 



Yield ; Height 
„^^- per ; of 
*^^^^ mmute; water. 



Diam- 



Remark 



Inchen. Ui nitons. 

8-4 







KM 

4 




V;Jii 


i 


175 


V\oyK< 1 


" , 1 ' 



No flow. 
Flow at 1,470 
No flow. 
Water at 1, 
\:m) feet. 

Water at l.Ot 



Water at 1.; 

I.+Tjwfeet. 
Water at :i27n 

Water at 7«0, 
arid ««" feet 



N'o flow. 



•r> 



i\ w 






f 1 15 

1 1~'2 

-+1M 



» U. S. Geol. Surv., 17th Ann. Kept., lHft5 %. part'J. pi». ;V.» r,:i 

^ Record, 51st Congres-s, 1st se.'ision. Senate F.x. Doc. Nf). :^i:i. ])p 1<»T Id.**. 

•5l8t Congress, 1st session. Senate Ex. Doc. No. '^Z. j). .C:i*.i, Washingt<in, 



Washington. 
1X90. 
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PRINCIPAL PUBLICATIONS RELATING TO DEBP BORINGS IN 

NORTH DAKOTA. 

Report of F. S. Underhill for North Dakota, Fifty-first Congre&s first session, 

Senate Ex. Doc. Na 33*i. pp. 105-1()», Washington, 1890. 

Report on Irrigation, Fifty-second Congress, first session. Senate Elx. Doc. No. 

H , part 2, pp. 66-72, 87-'J4, Washingtou. 1893. 
Preliminary report on Artesian Waters of a portion of the Dakotas. by N. H. 

Darton, United States Geological Survey, Seventeenth Annual Report, 1895-96, 

part 2, pp. 609-694, Washington. 1896. 

OUIO. 



Location. 



County. 



Ada> 



I 



Amanda Township 

Akron* 

Do.* 

Arcadia^ 

Arcanum^ 



Arlington •... 



Hardin 



Depth. 



Ffet. 
l,3tH-l,eOD 



Diani - 
eter. 



Yield 

per 

uiintite 



li>'i>rht 
water. 



Ki'iuiirks. 



Allen 

Sammit 

do i 

Hancock — 
Darke 



Hancock 



Ashtabula "* 



Ash tabu la 



Athens Athens. 

Bairdstown Wood .. 

'iairdstown (limiies) do.. 

north)." 

Bairdstown (near**... do.. 

Bameaville** 

Beaverdam 



Belmont 
Allen.... 



Beaverdam (.5 miles Hancock 
east). 11 ! 

Belden ( near) ' Lorain . . 

Bellairei' Belmont 

BelloCenter" Logan... 



i.ano 

2.450 

+1,130 

1,304 



500 



±1,300 
1.06H 
1.154 

1.154 

l.dUO 

1.288-1.290 



lucht*. liallottH, 



10-5 J 



Bellefontaine"* 

Belleviie»» 

Belpre • 

Berea (2i miles north- ! 
east>.«^ [ 

Birmim^ham >" 

Bloomingville « » 

Do 

Bloomdale *«> 

Bloomville" 

Bluffton" 

Bowlint? Green »> 

Do«* 

Bradner'-'* 

Brooklyn Village** ■ 



... .do 

Huron 

Washiugrton 
Cny&hoga... 



Erie 

Hocking . . 

do 

Wood 

Seneca 

Allen 

Wood 

...do 

do 

Cuyahoga. 



1,550, 2. 7(JU 
+ 1,310 

1.500 

1.700 

+ 1.740 

9eO 1,240 

2.2r)0 
628 



1.115 
2. i.50 
1.32H 
A1..300 
1,152 
1.244 
l.()f« 

740 



Brownhelm'^ ! Lorain 

» Ohio Geol. Surv., Report, 188J<,voL «, j). 2lU: 

report for 180O, pp. 1J*4-1W. 
' Re<-oni. OhioGcol. Surv.. ReiM)rt, ls8s,v<)l. 

«. 1) 'MM. 

3 Ibid., pp. :r)7-;r*. 

•Ibid., p. 217. 

» Ibid , pp. 272-2r3. 

« Ibid., p. 218. 

Mbid., pp. 424-425. 

•Ibid.pp. 229-2;«. 

» Ibid., pp. 2:e-233. 
i« Ibid.. Rtfport, 1800, p. 2>4. 
»» Ibid.. Report, 1888, vol. 6. pp. 2\'>-2U). 
'»Rerx»rd, ibid, p. 406. 
«» Record, ibid, p. 267. 



Several wells lor »aw; 
M>me 8U(*cessfnl, 
others vield only 
flows of salt water. 

.^It water at 20 feet. 

."^ome gas at 172 feet. 

Gas at 1.180 feet. 

Gas prospects; small 
product,. 

Some oil and gas at 
1,304 feet. Aban- 
doned 

Gas from 250 to 500 
feet. Strong brine 
at 400 and .'iOO feet. 

< il and gas wells. 

Gas wells. 

Gas well. 

For gas. Abandoned. 
(«as wells. 

For oil: salt water 
found. Abandoned. 
Gas wells. 

Many oil wells, 
small gas wells. 
Very small flow of 
gas. 
D«>. 
For gas, unsu(.*cesaf u L 

Several gas wells. 

Salt water only. 
Small flow of oil. 
Two lK>ring8. 
[..arge flow of gas. 
For oil UD8uci*essfnl. 
I'nsuccessful. 
Gas well. 

Large volume of gas. 
Small flow of <iil. 
Several gas wells in 

vicinity. 
A little gas and oil. 



'* Re<*or(l. ibid, pp. '^'*V 2r^7. 
•Mbid., pp. 214 215. 
•"Ibid., p. 401. 
•• Record.^ ibid. p]). 4.'Ci-44J6 

»■" Ibid., pp. ;Mr. ;mt. 

•'•Kerord. <»hio(^ool. Snrv. 

0, p]>. .TIKI :m. 

^"llnd., pp. 2:t:{ 'SU 

p. 2111. 

p. 21 ft. 

pp. ir)«l-15J». j)l.. p. 112 

p. HM). 

p. 207. 
•■""•Ibid.pp. 4:«V4,31. 
^' Ibid., pp. 437-438. 



ReiM>rt, 1888, vol. 



•^' Ibid 
"Ibid 
" Ibid 
« Ibid 
•-'••Ibid 
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OmO—Continued. 



LocmtioiL 



Brownhelm * 

Brown Township... 

Bryan' 



Backeye (east of)'. 
Bucyrtw* 



Coonty. 



Lorain. 
Vinton. 



WiUiams. 



Cadiz oil field* 
Cambridge* . . . 



Camden^ 

Canai Dover". 



Cannonsbarg*. 
Canton i« 



Do 

Cardingtonii 

Carey and vicinity * * 



Carroll" 

Celina»« 

Chicago Junction ' * . . 

Circleville 

Cincinnati (vicinity ) . 



Knox 

Crawford . 



Harrison , 
Unemsey. 



Preble 

Tuscarawas 



Hancock 
Starke . . 



....do.... 
Morrow . . 
Wyandot 



Fairfield. 
Mercer ... 
Huron . . 
Pickaway 
Hamilton 



Cleveland >• 

Cleveland (gas eom- 

d[)any). '^ 
eveiand (Euclid 
and Case avenues) . 1 "i 
Cleveland (Rolling 

Mill).»» 
Cleveland (Central 

avenue). 
Cleveland (Gordon 

Park).9« 
Cleveland (2 miles 

east).«» 

Clyde" 

Cold water (3i miles 

east). 
Columbus Grove"' . . 

Columbus-* 

Columbus (State 

House).'* 
Conneaut'* 

Uo 

Coshocton" 

Do.'" 

Do '» 

Coventry Township 

O)vinpton '" 

Crestline^' 

Cridersville 



Cuyahoga. 
do 



do 
do 
do 
.do 
do 



Sandusky 
Mercer 



Putnam 



Franklin 
do .. 



A.shtalmla 

do ... 

Coshocton 

.. . do 

do .... 

Summit... 

Minmi 

RUhland-. 
Auglaize ■ 



Depth. 



Feet 
635 
l.OTJU 

l,«74-2,(«7 



Diame- 
ter. 



Inches. 



840-3,254 



1,000-2,000 

000 
2,760 

1,300 
2.220 

+3,135 

±2.300 

1,326-1,500 



2,3f)0 

1,147-1,168 

l,2r)0 



54 



4n(M.500 
2.2(10 

1,125-1,735 

3.000 

5a5 

530 

.'i08 

1,850 
1.100 

1,278 

2,030 
2. 775 

850 

fl,942 

2,108 

1.380 

3. 100 



3,8»J4 



Yield 

per 

minuta 



GallonM. 



Height 
water. 



Feet. 



Many. 



-100 



8-54 



6-4 



8-5! 



isr 



f-r> 



Romarl 



Some oil. 
Oil, gas, a 

water. 
Gas and o 

yield smt 

water at 2 
Gas wells. 
For gas or 

water fioi 

feet. 
Fair flow of 
Gas and o 

yield smal 
Oas well. 
Little ^sas 

water. 
Several oil y 
F€>r oil.but 

water f ou 

Gas; small 1 
Several ffn 
some yie 
suDply. 
Unsucce^fi 
Gas wells. 



Numerous c 

wells: unsi 

Several gas 

No product 

Small flow ( 



Large su 

water. 
Al>andoned. 

For oil and 
successful 
Unsnccessfi 



Gas at 740 f c 
oil nt bott 
No gas or oi 
Saline wat< 
075 feet; t 
Small gas si 
Much strou] 

Unsnccessfi 
Do. 

Small suppl 



-40 Oil and salt 



» Record, Pa., 2d Geol. Surv., ReiK)rt II, p. 283. 

' Record. Ohio G«»ol. Surv.. Reiwirt, 188H, vol. 
0, i)p. 247-249. 78«i. 

' Ibid., pp. 340-:J4:j. 

Mbid, pp. :wj-3m. 

»Ibid., Report, 18W), pp. 250-252. 

• Ibid.. Report, Ihhk, vol. «5. pp. ItX), 377-378. 

7 bid.. I). »<5. 

''il)id.,pp, :»), 30!»-:i7O. 

Mbi<l., j).317. 
'« Ibid., ]»p.. '150-300. 
"Ibid., pp. 38:^-284. 
'•Mbid., pp. 2(J«-307. 
"Ibirl, p 388. 
»< Record. Ohio Geol. Surv., Report, 1888, vol. «. 

pp. 259-360. 
>*Ibid.. pp. a50-351. 
>*Ibid., pp. 429-430. 
"Ibid, p. 430. 
" QeoL Soc. Am., Bull., vol. 8, p. Kj. 



'" Record. Mich. Geol. Surv.. Report, 
vol. 5. jMirt 3. i>.73: Ohio (4eol. Surv 
vol. 1. pp. :r>3-;r»5; Ohio Geol. Surv, 

18W, vol. (5, ])p.;r>i :i55. 

'OGeol. Soc. Am.. Bull. vol. i^.p. U). 

" Economic (4eolo^y of 111., vol. .3. pp. 

"Ohio Geol Surv., Roi)ort, 1888. vol. ( 

"Ibid., p. 343. 

'* Rocord, ibid., pp. 3S1-3M 

'«* Record, ibid., pp. HM'kKIS- Am. Jou 

onco, 3d Herics, vol. 37, p. 376. 
2* Ohio (Jeol. Surv. Roimrt, lf<88, v< 

433 4313 
''Record, ibid., p. 334. 
'"Ibid..]). ;{»i8. 

•■'^ Ibid., p. :{ 57: Report for 1890, pp. 24 
'"' Ilud., p. 374. 
^' Record, Ohio Geol. Snrv., Re|K)rt,l 

pp, ;»)3-304. 



JawLKTON 1 DEEP BORINGS IN THE UNITED STATES, PART II. 23 

OHIO— Continaed. 



Location. 



County. 



'^I>ayton 



«». 



Do.r 



r 

m 

m 



^ Peflance 

\ P©Or»ff> 

BeGraff ( 1 mile west ) 

Delaware* 

5«lplio8» 

$elphos(KiUfarm)«. 

Delbi' 

D«9hler' 



Dexter (near) 

Dresden* 

Do.i» 

Dachonqnet .. 



Montgomery 

do 

Defiance 

Losiui 

do 

Delaware ... 

Allen 

...do 

Pnlton 

Henry 



Dei>th. 



Fttt. 

870 

2.440 

1.687 

1.356 

i.ano 

1.350 
1.218 
2.15f> 

i,eoo 



iDiame! Yield 
^*''- LGnte. 



Incke*. ' Gallons. 



Height 
water. 



""iuii 



»-bi 



NoWe 

Mnakincrnm 

do 

Anglaize ... 



i 



S.5S5 
+ 1,000 



1 



Dudley 

Dunkirk" 



NoUe.. 
Hardin. 



Dankirki> do.. 

Eagle MUls Vinton 

Eaglesport** Moi^an 



Do do 

East Liverpool * * Columbiana 

East Liverpool (on do 

Dry Run).** 
East Liverpool do 

(Knowlea well). 
Eaton >« Preble 



Elnore»' Ottawa 

Eljrria'* Lorain. 



Felicity »• Clermont 

Findlay*® Hancock 



Do.«» 



Findlay (1 mile north- 
west ).«« 

Flushing (1 mile 
northeast).** 

Forest" 

Forest (Smiles south- 
west). 

Port Jennings 

Fort Recovery ** 

Fostoria'* 

Fremont and Yidn- 
ity." 

Do.'" 

GalUpolis" 

Ueneva»* 



do 



Genoa** 

Greenville** 



do... 

Belmont 

Hardin.. 
do .. 

Putnam . 
Mercer.. 



Seneca 

Sandusky. 



do 

Gallia .... 
Aah tabula 



OtUwa 
Darke.. 



1,865 

1,370 

600 

1,134 

1.152 

±3,000 

2,054 

1,1?0-1,375 

+1,250 
987 



400 
1.116-1,334 

1.618 



1,334 

1,680 

1,470 
480 

1.425 
1,052 

1,136-1,77.5 
l,3UIK-i,500 

.'V6K 

2,010 

KtCK-1,375 



i,3fe 

l,3niVl,70l) 



» Record, Ohio Geol. Surv., Report, isss, vol. «, 
IK 288. 

* Imd., p. 286. 

* Ibid., p. 268. 

* Ibid., p. 270. 
» Ibid., p. 240. 

« Ibid., Report 18flO, p. 217. 

» Ibid., Report 1888, vol. 6, pp. 244-245. 

•♦ Ibid., p. a3. 

* Ibid., Report 1800, p. 346. 

»• Ibid., Report 1888, vol. 6, p. 37«. 

'> Ibid., p. m 

»* Ibid., Report 1880, p. 186. 

»»Ibid., Report 18KH, vol. 6, pp. :m>-:B«). 

** Ibid., pp. 331-334. 

"Ibid., pp. 322-323. 

»« Ibid., pp. 108.284. 

»^ Ibid., pp. 2U-212L 



86 



Remarks. 



Some shale ^a& 

Salt water only. 
Some cMl and gaa. 

L'nHUccessfuL 

Do. 
Oil well 
UnKuc(*essfnl. 
Ouly small flow of 
gas. 



Unsuccessful 
j Two wells of moder- 
I ate flow. 



—445 For gas: only salt 
water found. 

I Large flow of oil. 

1 S»lt water. 

I Salt water; aban- 

done<l. 
Oil rises to 40 feet. 



I 



Several gas wells. 
Dry. 

Several wells: unsuc- 

«'e«sful. 
Two oil wells. 
Small gas supply and 

ht*avy flow of salt 

and sulphur water. 
Gas well. 
Many ga.s wells: .some 

oil in .several wolls. 
Ga.s well: oil at 1,«I02 

feet: nalt water at 

1,'>M1 fvi-t. 

Unsuccee*sful. 
Salt water only. 



Unsucc-essful. 

...[Many. Flows. White sulphur 
I wat«*r. 

8 I — 2r> Saltwater. 

Gas for several 

months. 
Several gas wells. 
Do. 



■| 



I 

Gjis well. 

For oil: unsuccessful. 

Two wells: fair flow 

' of gas: numerous 

other wells iu the 
county. 

' Small flow of oil and 

I ga.s. 

Several l>orings for 

i I gas: unsuccessful. 

»« Ibid., pp. 347-348. 

" Ibid., p. 3f)l. 

2«» Ibid., pp. 122-133. IKi: Report for IHJiO, p. 12J. 

^» Ibid., Report 1S88, vol. 6, pp. 111-117. 

" Ibid., pp. i;n-i:t». 

" Ibid, Report \mK pp. 253-254. 

^* Ibid., Report 188H, vol. «, p. 233. 

25 Ibid., pp. 2li;t-2t>4. 

"* Ibid., pp. l«2-lVKt, m\ 2^4. 

5" Ibid , pp. 1S3-189. 

2- Ibid., p. 188. 

«» Re<or(l, Pa. 2d Geol. Surv., Report.s, vol. I*, 

p. ;a5. 
a" Record, Ohio Geol. Surv., R«i)ort, 188S, v<il. 0, 

pp. 425-42B. 
5' Ibid., p. 21.J. 
^Mbid.,pp.2:\-'i?i. 
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DEEP BORINGS IN THE UNITED STATES, PART II. 



OniO— Continned. 



Location. 


County. 


Depth. 


Brownhelm* 

Brown Township.... 

Bryan' 


Lorain 

Vinton 

Williams 


Feet 
fi35 
1.000 

1.074-2.(07 







! Yield 



Diame 



Heiffht 
water. 



Inches. 



lU-51 



Buckeye (east of)*. 
Bucyrus* j 



Cadiz oil field* 
Cambridge* . . . 



Knox 
Crawford . 



m>-2,2M 



Camden^ 

Canal Dover*. 



Cannonsbnrg*. 
Canton 10 , 



Do 

Cardingtonii 

Carey and vicinity » « , 



Harrison 
Gnemsey. 



Preble 

Tuscarawas 



Gallons.l Feet. 



Hancock 
Starke . . 



CarrolP* 

Celina»« 

Chicago Junction > * . . 

Circleville 

Cincinnati (vicinity ) . 

Cleveland** 

Cleveland (gas com- 

d[)any).»' 
eveland (Euclid 
and Caseavenues).!* 
Cleveland (Rolling 

Mill).'* 
Cleveland (Central 

avenue). 
Cleveland (Gordon 

Park).«« 
Cleveland (3 miles 

ea8t).«» 

Clyde" 

Coldwater (3^ miles 

east). 
Columbus Orovo'* . 

Columbus-* 

Columbus (State 

Hou.se).** 
Coniieaut** 

Do 

Co8ho<;ton*' 

Do.'" 

Do " 

Coventry Towns'iip 

Covingrton'" 

Crestline".. 

Criiiorsville 



....do 

Morrow 

Wyandot . . 



Fairfield . . 
Mercer ... 
Huron .. 
Pickaway . 
Hamilton 



1.000-S.OOO 



Cuyahoga. 
do 



«J0 
2,7fi0 I 

1.300 
2,230 

+3,135 

£2,300 

1,326-1,5(1) 



2, aw ! 
1.147-1. lew 

1.250 



r>! 



do 
do 
do 
do 
do 



Sandusky 
M<*r<*er... 



Putnam 



Franklin 
do . . 



Ashtabula . 

.... do 

Coshocton . 

.. .do 

do 

Suinmit 

Miami 

Richland 

Aut^laize — 



400-1.500 
2,300 

1,125-1,735 

3.000 

530 

rm 

1.850 
1.100 

1.378 

2.030 
3.775 

850 

fl.«t3 

3.108 

1.380 

3, 1(10 



Rcmarl 



Some oil. 
Oil, gas. a 

water. 
Gas and d 

yield sma 

water at 2, 
Gas wells. 
For gas or 

water floi> 

feet. 
Fair flow of 
Gas and oi 

yield smal 
Gas well. 
Little ga» i 

water. 
Several oil x 
For oil, but 

water foui 



I Gas; small 1 
Several f^ 

I Home yiel 

I suoply. 
Unsuccessfi 

. ' Gas wells. 



Many. 



-10I) 



3, WW 



8-5» 



6-4 



8-5» 



Numerous c 
well.H: unsu 
Several gas 
No product. 

Small flow c 



Large su 

water. 
Alwndoned. 

For oil and 
Huccossful 
Unsuccesafti 



15? 



i5 



Gas at 740 f e 
oil nt bott4 

No gas or oi 

Saline wate 

075 feet: t< 

I Small gas su 

Much strouj 

' Unsuccea.sfu 
' Do. 

I .^inall suppl; 



._4() Oil and salt 



I 



> Record. Pa., 2d Geol. Surv., Reiwrt II, p. a<3. 

a Record, Ohio (li*ol. STirv..ReiM)rt, 1888, vol. 
li, i>p. 247-24JI. 780. 

"Ibid, pp. ;M(KW;i 

Mbid.,pp. :w;j-3«i4. 

*Ibid., Report, im), pp. 350-353. 

•Iliid.. Report, 1888, vol. «, i»p. :130, 377-;J78. 

' bid., p. »«>. 

''ihi(l..pp, :M), 3Ca*-370. 

Mbid, p.317. 
'«lbid.,pp.:i59-3»i(J. 
"Ibid. pp. 38:^-284. 
••^bid., pp. 20CJ-307. 
•Mbi«l., p 388. 
»* Record. (Jhio Geol. Surv., Report. 1888. vol. »J. 

pp. 350-300. 
>»rbid., pp. 350-351. 
««Ibid.. pp. 439-430. 
»nbid.,p. 430. 
"GeoL Soc. Am., Bull., vol. 8, p. Kl. 



'» Record, Mich. Geol. Surv.. Report, 
vol. 5. i>art 3. p.73: Ohio Geol. Snrv. 
vol. 1. pp. :yi3-:J55; Ohio Geol. Surv. 
188S, vol. (J, pp. :151 ',m. 

««Geol. S<K'. Am., Bull., vol. 8. p. 10. 

2> Economic (iooloj^v of 111., vol. 3, pp. 

2« Ohio (i.'ol Surv., Report, 1888. vol. ( 

«< Record. i\tU]., pp. 381 38.1 

«* Rect)rd, ibid., pj). 100-1(«- Am. Jon 

ein-e, 3d s«!rics, vol. 3<, p. 376. 
2«Ohio (^eul. Surv . Rei)ort, 1888, vc 

433 43^1 
^7 Record, ibid., p. :t.'4. 
^Mbid-.p. :tt>8. 

"•' Ibid., p. a 57; Report for 1««), pp. 241 
3' Il)i«l., p. 374. 
3' Record, Ohio Cieol. Surv., Reiwrt.l 

pp, :WW-3(H. 
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OHIO— Continaed. 



Location. 



Coanty. 



V. 



• *1 



I>aytoD > 

Do.' 

OeflaDce 

, 5©0raff« 

i: BeOraffCl mile west) 

Selawarc* 

5elpho8» 

BelDhosiKillfarm)*. 

Deshler'^*' ".'.r/.l! *.*.'/. 



t --• 



Ijexter (near) 

Dreflden* 

Do.i» 

Dachonqnet .. 

Dadley 

Dunkirk".... 



Montgomery 

do 

Defiance 

Loffan 

do 

Delaware 

Allen 

do 

Fnlton 

Henry 



Dunkirk »« do 

Eajfle Mills Vinton 

£flglesport>* Morgan 



Noble 

Mnskingnm 

do 

Auglaize ... 



Depth. 



Ft€t. 

870 
2.440 
1,687 
1.356 
1,300 
2,130 
1.2S0 
1,218 
2,15(> 
1,000 



Noble.. 
Hardin. 



Do 

East Liverpool » * — 
East Liverpool (on 

Dry Run).** 
East Liverpool 

(Knowles well). 
Eaton >* 



do 

Colnmbiana 
do 



do 



Preble 



Elnore'^ 1 Ottawa 

Elyria"* Lorain. 



Felicity »» Clermont.. 



Findlay «« 
Do.«» 



Findlay (1 mile north- 
west ).•" 

Flushing (1 mile 
northeast)." 

Forest'* 

Forest (3 miles south- 
west). 

Port Jennings 

Fort Recovery «* — 



Hancock 
do 



Fo«toria«* 

Fremont and vicin- 
ity." 
Do." 

Gallipoli8«» 

Geneva *• 



Genoa »» 

Greenville ** 



do... 

Belmont 

Hardin.. 
do -. 

Patnam . 
Mercer.. 



Seneca 

Sandusky . . 



do 

Gallia .... 
Aahtabala 



OtUwa 
Darke.. 



2.525 

+1,000 



1,865 

1,370 

600 

1,134 

1,152 
42{M50 
±3,000 

2,or>4 

1,170-1,375 

+1,250 
987 



400 
1.116-1.334 

1.618 



1,334 

1,680 

1,470 
480 

1,425 

1.052 



1.136-1,775 
1,3UO-1,500 



.'V6K 

2.«10 

K'5lK-1.375 



1,308 
1,2110-1.700 



Diame- 
ter. 



Inches. 



Yield 

i>er 

minute. 



(ialloiut. 



8-5« 



Height 

of 
water. 



h\tt. 
""206' 



• Record, Ohio Geol. Surv., Report, iws, vol. «, 

p. 288. 
'Ibid., p. 286. 

* Ibid., p. 268. 

* Ibid., p. 270. 
» Ibid., p. 240. 

« Ibid., Report 1800, p. 217. 

' Ibid., Report 1888, vol. 6, pp. 244-245. 

« Ibid., p. fca. 

• Ibid.. Report 1800. p. S46. 

»• Ibid., Report 1888, vol. 6, p. 376. 

1 1 Ibid , p. fSA. 

>' Ibid.'! Report 18«0, p. 186. 

»« n>id.. Report 1888, vol. 6, pp. ;jK9-.'fiio. 

»«Ibid.,pp. 331-3:J4. 

» Ibid., pp. 2Ea-!lSSa. 

••Ibid., pp. 108,284. 

"lbid.,pp.53i-iJBL 



H6 



-445 



Many. Flown. 






Remarl: 



Somo shale 



Salt water only. 
Homo oil and 



UnsuccessfuL 

Do. 
Oil well. 
Unsuccessfal. 
Ouly small flow of 
ga«. 



Unsuccessful 
Two wells of moder- 
ate flow. 

For gas: only salt 
water found. 

T^rgo flow of oil. 

Salt water. 

Salt water; aban- 
doned. 

Oil risoH to 40 feet. 

Several gas wells. 
Dry. 

Several wells; unsuc- 

<'esHful. 
Two oil wells. 
Small gas supply and 

heavy flow of salt 

and sulphur water. 
Oa.s well. 
Many gas wells; some 

oil in several wells. 
Ga.s well; oil at l,0H2 

feot; salt water at 

1.581 fiM't. 
Unsuccessful. 

Salt water only. 

Unsuc<*e8«ful. 
White sulphur 

water. 
Salt water. 
Gas for several 

months. 
Several gas wells. 
Do. 

Gas well. 

For oil : unsuccessful. 

Two wells; fair flow 

of ga.s; numerous 

other wells in the 

county. 
Small flow of oil and 

gas. 
Several borings for 

gas: unsucces-sful. 



»« Ibid., pp. 347-348. 

'» Ibid., p. an. 

2« Ibid., pp. 122-1:J3, U«: Roi>ort for IHHO, p. 12:>. 

5»» Ibid., Report 18W, vol. 6, pp. 111-117. 

2J Ibid., pp. i:n-i:t2. 

•<'3 Ibid., Report 18«), pj). i-)3-2r>4. 

'^< Ibid., Report IWK, vol. fi, p. 22^ 

ai Ibid., pp. 2t>J-2»54. 

2" Ibid., pp. lfti-103, 140, 234. 

*J' Ibiri .pp. 1h:M8D. 

'"'Ibid., p. 188. 

■-'*' Kerord, Pa. 2d Geol. Surv., Reports, vol. I», 

p. :{35. 
="» Re<;ord, Ohio Geol. Surv., Report, 1888, vol. 6, 

pp. 425-426. 
'J' Ibid., p. 21.1 
='2 Ibid., pp. '.ni-27*i. 
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OHIO— Continued. 



Location. 



Hamden . 



Hamilton < 

HammansbnrK ^ - ■ 

HarrisbufK^ 

Haskins 

Henry Township * . 

Do.» 

Hicks ville* 

Hillsboro' 



Hnntsville .... 
Independence 

Ironton* 

Island Run >o. 

Jackson'* 

Jamestown. .. 
Jerry City '«.. 



County. 



Vinton 



Butler ... 
Wood .... 
Franklin. 
Wood.... 

do.... 

do.... 

Defiance . 
Highland 



Lo^an 

Cuyahof^a. 



Depth. 



Feet. 
760 

650-700 

i,m 

406 



Yield Height 1 

ter ?^^ ' **^ i 

^*'^' minute, water. I 



Diame- 



Remark.1. 



I. 
1, 



LSI, 160 

212-1. 295 

1.710 

1.750 



Inrhvft. GtilUnis. Fet't. 




1 1«' 

m^ 1 



Joy 



If 



I.Awrence... 
Columbiana 

Jai.*k8ou 

Greene 

W(X)d 



Kalida (I 

north). »< 
Kenton'* 

Do 

Kimbolton *«. 

Do 

Lacame'7 

Lafayette"*.. 
Lancaster'*.. 

Do." 

Lebanon**.... 



mile 



Moriran 



Putnam 



1,44H) 
l.HOO 

.'{.fiOO 

Olio 

l.WH) 

1. 155 

1,244) 



Leipsic" 



1.310 
l.tJOO 
i.dH7" 

i'm 



Hardin i 

do 

Guernsey ' 

do 

Ottawa I 

Madison ' 

FairHeW , IJKK) 

do 1,040 2.«a» 

Warren Too and 

I.S'IO 
Putnam 1,450 



Lima" , Allen 



Lindsey" Sandusky 



Lisbon «» i (^olumbiana 

Little SanduHky Wvandot ... 

Logan ■"' H6<;kini^ 



Do di» .. 

London"' Madison 

Lorain"* Lorain.. 

Lone Star ' Vint<»n 

Mc Arthur Vinton . 



McComb*^ IIanc<^k 



1,200-1.400 



1.241-1,9)0 



1,582 

1.450 
a25-OK» 

1.002 
1,585 

+600 

1,100 
000-1.000 

1.455 



4i 5i 



« 5i 



I Nothing bat itll 

I water. 
Gas wells; maallflot.] 
Small flow of oiL 

Oil weU. 

Gas wells: someoQ. 

Oil. 

Salt water: some A 1 

Good water at VM] 

feet. 
Gas well. 
Several borings fur 

oil; no product 
UusQccessfnl. 

Small flow of sas. 
Salt water only. 
Two wells; onewltk 

fair RQptdy of oO. 
Only snutll flow d 
gas. Two we lit; 
much salt water. 
Bored for oil; salt 
water found. 
, UnsuccessfuL 

Da 
I Do. 
j Some gas. 
Much water. 
Unsacceesful. 



■M) 



-50 



' Record. Ohio Geol. Surv., Reiiort, l>>88,vol. G, 

pp. 2!tt-20:j. 
« Record, ibid., p. 2:17. 
» Analysif*. V. S. (4t»ol. Surv., 10th Ann. Rept., 



1897-1808. parti, i).W5 14 

• Geol! ^ 
pp. 2H7-238. 



* Record, Ohio 



Surv., Rcjmrt, 1«<sm, vol. 0, 



•Record, Pa. 2d. (xool. Surv.. Ann. K«'I>^>rt for 
1880, part 2. p. 7H«;. 

• Record, Ohio Uool. Surv . Report, ls.^s. vol 0, 

pp 250-'.i-,l. 
' Analysis, ibid , p 21^7. 
'•Ibid.,p. 4;{1 

• Record, ibid , pp. 304-;WH). 3I!» 

'"Record, Pa. 2d Geol. Surv , Ann Report, isso, 

part2,pp 7H4-785. 
" Ohio Geol. Surv., Report, l>?i<8, vol. 0, i)p. ;?ll>- 

:i04. 

" Ibid., p. 233. 



Several gas wella 

Small flow of gas; 
much salt water. 

Some oil and gas and 
great volume of 
«alt water. 

Numerous oil weOi 
here and in county: 
much salt water 
found. 

Tliree oil and gas 
wells; also flow; 
salt water in larg« 
quantities. 

Salt water at 25 feet 
Several wells; 

oil, water, and 
Some oil. 
Several wells for oil 

or gas. 
Mineral water; s(nne 

Saltwater; some oil 
Fresh and salt 

waters. 
Gas well with salt 

water. 

"Ibid, p. :«K) 

'< Record, ibid, p. 243. 

"Ibid , p. 22«i. 

'•Ibid., i>p. Wl .jsi. 

" Ibid., 1) 213. 

"•Ibid , p. 219. 

>" Record, Ohio Geol. Surv. Reixjrt, 1880, vol. 6, 

p. 318. 
2" Ibid , pp 382 :{KS.rs.3. 
»> Ibid., pp. 20.V2<.<»i. 
'^'i lhu\ , p. 242. 
•-'•' Ibid , pp 105 HiS. 
^* Ibid., pp 213 :>H :hi». 
" Ibid. p. :J22. 
5Mbid..pp. 31S.3t»2-;R«. 
'■'• Ibi(l..pp 2^*0 2S1. 
''" Ibid , pp. U^-mi 
•-"'Ibid., p. 210. 
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OniO— Continned. 



L<Ktttion. 



t'ounty. 



IcConnellsyllle . 



Do 

HcCnneville* 



MmcksbarK * 
Do.« 



Do* 

Hadison Township 

Magnetic Springs * . 
Malta* 



Mansfield^ 



Do.» 

MarietU* 

Marietta (4 miles be- 
low).'* 
Marietto(near) " .. 



Marion '« 

Martins Ferry '» .... 
Marion Township '* 
Marysville »» 



Massilloni*. 
I>o.»T... 
Do."... 



Morgan 



.....do 
Perry 



Washington 
do 



do. 

Vinton 



Union . . 
Morgan 



Richland. 



....do 

Wauhington 
do 



do 



Marion.. 
Belmont 
Hancock 
Union... 



SUrk 

...do 

do 



Depth. 



-fS.OOO 

1.330 
],3H8 



4410.1,700 
2,100 



2,500 
1.017 

l.QOO 



Diame- YJ||.^ 
^'**' mmute. 



Inche*. Gallons. 
7Hi| 



2,005-2,415 

3.594 

1,740-2,940 

1,440 

3,015 

1,7W) 
2,300 



Medina" I Medina 

Miamisbargi** Montgomery 

Middleport Meigs 



Do do. 

Middletown" : Butler 

Milan'* Erio... 



Millersburg'i Holmes 



Millersburg (f o n r 

miles from). 
Millers Station ««. 
Monroe vllle •* 



Mount Blanchard '* 

Mount Grab 

Monnt Vernon'* ... 



Do.«« 
Do... 



do 



Gnernsey 

Huron 



Hancock 

Brown . . 
Knox 



.do 
do 



10-51 



Height 

of 
water. 

Feet. 



RemarkH. 



5-4 



1,74;} 

655-1,820 

671 

2,547 

917 
800-1,200 
U80-l,250 

l.tKiO 

2.0U) 

2.100 
900-1. (JOO 

430 



3 and 4 



Av. 25 



For oil or gas; unsnc- 

cesHlnl. 
Ga.s and salt water. 
8evi»ral wells; bored 

for Halt water; 

Homo found. 
I.Arge oil fleld about 

here. 
N u meroussucoessf ul 

welln: gas also 

found. 
Oil and gas well. 
Verv little oil and 

salt water. 
Salt wcdl. 
Large flow of gas 

from Heveral wells 

for oil or Halt. 
Two lK>ring8 for gas; 

unsuccetisful. 
Unsuccessful. 
Oil well. 
Gas well. 

Much salt water at 

l,7in> foet. 
Abandoned. 

Gas well. 

For icaH or oil; found 

only water at 3U0 

feet. 
Nothing but salt 

water. 
Some oil; also salt 

water. 
Gas at 655 feet, shut 

out by salt water. 
Small now of gas. 
Two gas wells. 
Great numl)er of salt- 
water wells in 

county. 
Small amount of oil 

from I2i>-1, 5*10 feet. 
Some gas and salt 

water. 
?'or oil or gas; only 

salt water found. 

( itm and oil well. 



800-1. 20() 

/i,:jro,i,7(y7, ) 
\ 2,6(10 ; — 

3.200 I 4i 



Salt well. 
. i ' Small How of gas 

1 I I onl3'. 
! Moderate flow of oil 

I i and ira-s. 

5i , ' (4as wells. 

Three wells; unsuc- 
cessful. 
—KM) Gas well; water at 
1,725 and 1,765 feet. 



I 



2,1:J5 ' I Uusucces.**ful. 



• Ibid., pp. 388-389. 

^Ohio Geol. Surv., Report, 1888, vol. 6, pn. 

450-kW. 
' Ibid., p. 453. 

• Record. Pa. 2d Geol. Surv., Reports, Vol. I'\ 

pp. Si^fH. 

• Record. Ohio Geol. Surv.. Report, 18SK, vol. «, 

p. 269. 

• Ibid., p. 389. 
"Ibid., pp. 318.365-366. 

- Ibid., Report 189r), p. 24.5. 

• Ibid., Report 188,s. vol. 6, pp. 368 410. 
'"Record, W. Va. Geol. Surv., R*»j)orts. vr>l. 1, 

p. 2X8. 
»'Ibid.,pp. 2»V-287. 
•' Record. Ohio Geol. Surv. , Rei»orts. Lsss, v. Aj\, 

pp. 201-202. 



'3 Ibid, pp. 4<U 4(»n. 
1 4 |l)i(i I) 'j^H') 

•3 Record, Ohio (4eol. Surv., ReT)ort, la^H, vol. 6, 

pp. 2<K<-270. 
'Mbid., PI). :M),:J61. 
'^ Ildd , i).'.MV\. 
•"Ibid., pp 28H 2H9. 
••Ibid, pp. 204-295. 
20 Ibid., p. :U6. 
^» Ibid , pp. 367-368. 
^'^ Ibid , pp. 6,>4-<l55. 
"Ibid., pp. 4:J9-440. 

"^M)liio Geol. Surv., RejKirt, 1888, vol. 6, p. 218. 
«^ R<H«ord, Ibid., pp. 217, 2<i»\ 267. 
'-"« Ibid., Report for 189(1, pp. 244-24.5. 
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Locmtloo. 


Coonlr. 


Depth. 

!.(li»i 
l.il»^.3K 

3.onn 

'«I:S 

l.THS 

'•"MS! 

l.KII 

t7» 


biainv 
ter. 


yield 


Holght 


B„„., 




H«UT 

Atbeu 

Wywidol ... 

Urklos 

Cay«hog«-.-. 
ClftTk 

Clinton 

TromhaH.... 
^■^. 


'^, 


UoUinu 


'■"+3 


waUr 














.... 








■mall Buwi. 


UTewOrUda* 

S:;'SS3"^--:;:,:: 







For sm: om 










■rir^borin 










Twogaaando 
Oo..d water. 

cnBful. 












do 


6 


311 


+:»J 




H 














?S=;:::;: 

Bailor 

Lake 

Hardin 

Wood- 

SL^k,::::::: 
aiSSlw.:::: 


l.!W. 

"'■IS, 

i.ano 










1 








Oxford" 






murhnlt* 
Shale <ra> an 
pbnr water 


■.nthoT)." 






flow of wat 


WBlllofl." 

PlkeTowiuAlp".... 
Pimui" 

Plain (ntyx 







■Im larKe 
SevmT'Kax a 






'"uo 


T13 

i.Sin 

7CT 


" 


....... .. 


Two^wHIs^ 
from .1SU. ( 

nnfect 










Do 

IVl" 


M-ip. 

-tin 

do 




3) -an 


wal«r at HV 
Salt well; k 
andiw* 

flowed origl 


PorUwelrt'lnltyl". 


ilo 


f , i" 







>ii>id.,p.anL 

•ii>id..i>p.3i;.3;n-.i7!. 

•lto.^>ra. Uiuli Hw.t. BnrT.. ISSl-ltHB. p. T3; 
llhioGeol. Snrv., R-wirt. IKW". veil, ft, pp. 
%1-»M; IHiioMiml. «ur»., Report, vol, 1. pp. 



■■I1ild,,pp. SaiSS: I'll. :.M Heiil. Rurv., Report 

fortSft-p. r«i. 

■• Record. OUoGeol.Surv..Ru|iart,llHB.rol.«. 



" llj'i'l ,' K.-i'mrt 1W"I. p. 2M-. 

;i>iiPT.i'..'pp. ;iie-;»H. 

■Nihil.' li.^ol. Surv , lleijoi 
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OHIO— Continned. 



aition. 



▼idnity)* 



iton'. 



4 



Pamace 



rownahip. 



re 

t 



wnship*'. 

r»« 



wnahip**. 

e 

e 



17 



90 



ngsville «> 

vt» .- 

.edo".-.. 
Id" 



alloy 9« 
Ulc" 



llle Town- 



«h 



CoQDty. 



Wood-. 

do.. 

OtUwa 
Scioto.. 



Ifaiion... 
Ouenuey 

do... 

Vinton... 
Scioto-.., 
Hancock . 



Vinton 
Brown 
Wood. 



Cuyahoga... 



Meigs . . . 
Clinton . 
Mercer.. 
Auglaize 

do... 

do... 



Champaign . . 

Columbiana . 

do 

Wyandot .... 
Erie 



Jeffemon 

Monroe 

Scioto 

Bntler 



Lorain 



Richland. 
Shelby.. 



Perry 



Ashtabula 

Noble 

Lucas 

Clarke.... 



Greene... 

Jefferflon. 

.... do.... 

Hancock . 

Williams. 



Delaware 
Seneca .. 



Depth. 



Ftet. 
1,134 



+I.MO 
2,(J0U 

1.660 
1,347 
1.36fi 
TOO or WW 
1.710 
1,337 



SS7-1.3S> 
1,500 



1.100-1.183 

l.£«) 

1,13^1,225 

1,002-1. 138 

+1.000 

H00-810+ 
2.090 
1,323 
2,260 

1.106 

1,816 

800 

1.220 

780 



1.480-1,796 
1.205-1.250 

2. aw 

1.200 



+1.012 
1,140-1.300 

1,500 

1.290 

2.510 

450 

860 

2,5:J0 
1,467-1, 4m 



Diame- 
ter. 



m 



Yield 
inutf. 



Height 

of I 
water. , 



Romarks. 



Inches. GnilonB. 



10 



10 25 



8 



Feet. I 



510 



-flOO 






— 4(ll» 



Unsuccessful. 
Large flow of gas. 
No product. 
No product, but Halt 
water at 1.000 feet. 
No product. 
Gas well. 

Water and gas. 

Water. 

For gas or oil; found 

salt water only. 
Gas well 
No product. 
Only small flow of 

oil. 
Two gas wells; small 

flows. 
Salt water only. 

Gas well. 
Salt water only. 
Several oil wells. 
Several gas wells; 

large flows. 
Two unsuccessful 

borings. 
Do. 
Unproductive. 
Small flow of oil. 
Some oil. gas, and 

salt water. 
Jnproductive. 
Oil well. 
Unsuccessful. 
Salt water and some 

gas. 
Bored for oil; some 

gas found; udhuc- 

ceHHful. 
Small flow of gas; 2 

wells. 
Several gas wells; 

much salt water at 

l,44r> feet. 
Salt water at a.H.'Wl 

feet. 
Gas well: some oil. 
Unproductive. 

Do. 
S<''veral wells; unsuc- 
cessful. 
Un8u<'ces»fnl. 
Transient ga«Huj)])ly. 



leol. Surv., ReiK>rt 1888, voL 0, pp. 

5,22rt. 

>. 212. 

►. iWi. 

lis, ibid., pp. 270-271. 

l.ibid.,pp. ;»l,.'Wl-:«2. 

>.2i:. 

I.Ohio Geol. Surv., Report 1888, vol. «, 

2-434 

)p. 2110 2112. 

jp. 25.5- 2)8. 

►p. SJ5r>-258. 

»p. 27tV-277. 

>p. 44J3-404.452. 

I, Pa. 2d Geol. Surv., Ann. Report for 

part 2. pp. 785 78rt. 

I. Michigan Geol. Surv., 1S81 !««, p. 83; 

Geol. Surv., Bes>ort, ias«, vol. «. pp. 

ft 



i Oil wells. 

I 
; I Mineral water at 2:ft» 

, feet. 

I I 

I > Several wells; large 

, { flow of gas; some 

i I oil. 

>* Ret'orcl, Pa 2d Geol Surv.. Report II, p. 282 
>« Record. W Va. Geol Surv., Reports, vol. 1, 

pp. :i"i«^-:r)7 
"Record, Ohio Geol. Surv., Report, 1888, vol.«, 

p. 437. 
»''Ibid.,pp.31«, ;»4-lft5. 
»''Ibid.,pp.2lV4-2»W. 
2" I bid. , Report 1K90. p. 347. 
V Ibid.. 18S^<. vol B. pp. 423-424. 
"Ibid. .p. 225 
"Ibid., pp. 278-280. 
a<Ibid.,p.2»l. 
"Ibid.,pp.:«»-337. 
«" Rec'ord. Pa. 2d Geol. Surv., Ann. Report for 

1H86, part 2, p. 784. 
'• Ohio Geol. Surv.. Report. 18n0,pp.21»-220. 
•-"• Ibid., 1888, vol.0, p. 383. 
«» Record, Ibid., pp, W-«iii. 
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Ixx»tion. 



Tiffin (vicinity of )» ..i 
Tinney (sonth of ) . ^ 




Dttpth. 



Diame V^^}? Height 



ter. 



j>er 



of 



Remark 



Tippecanoe* 
Toledo* 



Tontoeany (Zi miles 

Bontheast). 
Toronto (4 miles 

west).* 
Troy* 



Fert. i Inch»'s. Gallonn 
Seneca 1.50E^1.753 i 



minate. water. 
Feet. 



Sandnsky 



Miami 
Lncas. 



Uniopolis 

Upi)cr Sandnsky • . 

Urbana ' 



Vanlue^ ... 
Vanwert*. 



Vinton Township •». 
Wakeman 



Wapakoneta*V 
Washinicton>> 



Wood 

JefTorson 

Miami 

Anglaizo 

Wyandot 

ChamiMiiini- 



Hancock . 
Vanwert. 



Vinton. 
Huron . 



Waterville". 
Wauseon'*... 
Wellington'* 



Auglaize. 
Fayette . 



Westerville'* ... 
Westminster"' .. 



Lucas . 
Fulton 
Lorain 



Franklin. 
Allen 



West Newton ' " 
Weston »» 



Wbartonsbnrg '"• 



WilliHrnnburg. 

Do 

Willoughby3>. 




Clermont 

do... 

Lake 



Wilmington «». 
Woodville".. 



Wooster'* 

Xenia" 

Youngstowu ^^ 
Zanesville27... 



Sandusky... 
Wayno 



(ireeno 

Mahoning. 



i.nss 

1,425 



1,425 
1,455 
1.170 



8-r>i 



-10 



8-61 



-00 



1,340-1,3471 

1,307-1,350 

1.2SH 
1,240 

4«0-l,057 

3,000 

i,eoo 

1,153 

+2,158 
1,090-1,060 

+2,300 
1,400 

1.440 
1,575 

1,427 

m) 



1.8(K>-2,nJI0 

1.2(10 
2,480 



Muskingum .11, 008-2, OIJ) 



10^1- 



» ! 



Several bori] 

unsuccessfi 
Qas. oil, ai 

water. 
Small flow of 
Several bori 

gas and oil: 

cessful. 
Some saltwi 

and gas. 
Foroil;unsu( 

Some gas at 

and m) feet 
Very small 

gas: aliand* 
Two lx>rings 

or gas; un 

ful. 
Very small i 

of gas. 
Small flow ol 
V'ery small 

gas. 
Gas, oil, ai 

water. 
For oil; foD 

water only 

feet. 
For oil or g 

water only 
For gas or oi 

salt water • 
Small flow of 
Oil at 2,1.58 fe 
Several ami 

wells. 

For oil or gas 
cessfnl. 

Oil, gas, and 

water. 
For oil or gas 

ce.Hsful. 
Small flow of 
Unsuccessful 
Several sma 

wells. 

For oil or gi 

siilt water 1 
Three borinf^ 

or tras; un 

ful. 
F'or oil or gas 

ce.«jsful. 
For gas >roil 

cessful. 
Three wells; e 



>R<'cord, Ohio Gool. Rurv., Report 18«l, pp. 
784-7H5. 

«Ohio Geol. Surv.. Rei)ort, 1888. vol.6, p. 274 

*Ro(ord, ibid., pp. 20« ^l)!*; Michigan Geol 
Surv..lK8l-l8<i:{.p.8r». 

« Penn.syl vania 2d Geol. Surv., Report P. p. 2:Ji>. 

»OhioGool.Siipv. Report, 1888, vol. G, p. 274. 

«Ibid..p.:5ni. 

' Record, ibid., p 275. 

••Ibi<l., p. 219. 

•Ibid., pp., 2:19^ 240. 
»«>Il)id.,p.:84. 
>> I]>iil..p.254. 
" Record, Ohio Geol. Surv., Rei>ort 1888, vul r,. 

p.2«l. 
»» Ibid., p. 225. 



'<Ibid..pp.24»i--'47. 
•»Ibid.,pp.:M8 :w». 
••Ibid., p. a*}. 
»Mbi«l .p.22»». 
>''lbid.,p.:i20. 
»M])id..pp 223^224. 

"•Ibid. p. 428. 

•'"Ibid..pp.20H-2?i7. 

2Mbid..pp.213-'J14. 

2< Record, Ohio (leol. Snrv.. Report, 188 

pp.3«>l-:Kl. 
•''Mbi(l.,i)p.!.V.» :i!Ki. 
•-iMbid.pp :i-J1.4(>:,' UCJ 
•-'Mbid.. pp. ;J72- :{::>. 
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:IPAL PUBLICATIONS RELATING TO DEEP BORINGS IN OHIO. 

rt of the G^eological Survey of Ohio, Volume VI. Ecouomic Oeology. 831 
plates. Col am bus, 1888. 

Annual Report of the Geological Survey of Ohio (third orgauization), by 
1 C3rton, State geologist, 323 pages. ])late9. Columbus. 1890. 
T Resources of Indiana and Ohio, by Frank Levert'tt, U. 8. Geological Sur- 
ghteenth Annual Report, 189<>-97, part 4, pp. 423-559, plates, Washington^ 

Elock Waters of Ohio, by Edward Orton, U. S. Geological Survey, Nine- 
Annoal Report, 1897-98, part 4, pp. 033-717, plates. Washington, 1899. 

OKI^VIIOMA. 




Diame- Yield HoiKht 
Depth. *^S? 1 ?^^ '^' 

, 'mfnuto. water. 



Inchra. 


Gallon*. 


Frrt. 

































Rt^markK. 



For oil or ipui; udhuo- 

ceiMfnl. 
Oil well. 

For oil: uuHiK-cvMsful. 
Abandoiiod. 



ORKCiOX. 



Ity 

•ter Station . 



iter Station, 
vens 



I.. 

les* 



Baker.. 
Q.lliam 



Harney 



Clatsop 

do 

Morrow 

Mnltnomah. 
Wasco 



400 
40U 
418 
750 



425 

400 

800 

650 

1,850 

1,(60 



4-iM 

8 



Many. 



4i-lS 



42 



-1-28 



L'nsuocessful. 
+ 10 Water tepid. 

A1>andoned. Only a 

very small flow at 
aw feet. 
flO Water tepid. 

i Unsuccessful. 

Do. 



Bored for oil; no 
water below 350 
foot. 



PENNS Y T^A" A N I A . 



ownship , 



ly--- 

ay Town 



)wnship* ... 
'ownship - . . 
Township*. 



( vicinity) . . 
Township'. 



Potter. 



do 

AUeghenv 
Butler ./-. 



2,lf)0 <M1 lM)ring; unsuc- 
cessful. 
2.029 
1,7«) 



Venango 



1,055-1, 4<JH 
850 



Westmore- 11.250-2, 847 

land. > 

Washingrton . 

Blair -J 

Erie I 



2,000 
2,00(5 I 
500-«30 ! 






Small |?as well. 

Salt well. 

Oil and i^as woIU. 



Washington 

Schuylkill .. 
Clarion 



For oil; unproduc- 
tive. 
For oil or gas; mostly 

unproductive. 
Gas well. 
Abandoned. 
Several oil and gas 
wells, 

2, 385 ' ; For oil or gas; unpro- 

! ductive. 
1,K«) 2 i:fi» Flows. Temp. 54°. 

1.128 I For oil or gas; unpro- 

! I ductive. 



» Records, Pa. 2d Geol. Surv., Ann. Ropt. for 1R*C), i)i>. 85-8(J. 

2 Ibid., Vol. II., pp. 2:W-240. 

•Ibid.. Vol. I*, pp 58 59. 

♦Ibid., Vol. I*, T)p. 211-215; Vol. II, pp. 277-278, 

6Ibid.,pp. ;*)l-^i('2 

•Ibid..pp. ;i()7-^«<. 

'Ibid., p. SU 
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LotTstion. 



Baden ( 1 mile north) ■ 
Bamet Township * . . 

Beaver Falls' 

Beaver Falls (2 miles 

aliove). ♦ 
Beaver Township*. . . 

Belle Vernon • 

Benexette^ 




Black Ash" 

BlHcklick ( vicinity )•. 
Black's Siding i» 



Blacksvillo'i 
Blairsville>«. 



Bloomfleld Town- 
ship. " 

Bradford'* 

Bradford ( vicinity ) » * 

Brady Township >" . 

Bradys Bend . 

Bradys Bend Town • 
ship. »T 

Bridffevillo (vicin- 
ity). »- 

Briagewator ( near ) . 

Brookston 

Brookvflle" 



Cnarion 
Fayette 
Elk 



Crawford 
Indiana . . 
Venango . 



Greene 

Westmore- 
land. 
Crawford... 



McKean 
do... 



Do." 

Brook ville Borough * ' 

Brownsville** 

Brush Run** 

Brushton Station 

BrynMawr 

Do 

Burrell Township »< 

Da" 



Butler". 
Do.. 



Butler 

Armstrong 
do 



Allegheny . 
Beaver 



Forest 



Jefferson 



.....do 

do 

Fayette 

Clarion 

Allegheny . . . 
Montgomery 

do 

Westmore- 
land. 
do 



Depth. 



Diame 
ter. 



i.aHH 

3,42K I 

2,:«i 

UK! • 
l.CN»l-l,aNI 
721 
777 
1.650 



Yield ' Height 
iK»r of 

minute. I water. 



Inche*. , (iallonu. I Ftet. 



«J0? 
2, (MO 

501^1. 01 X) 
1,010-1,719 

1,4.%-l.riiw 

-l-l.OWl 

i.iou-i.aio 

2.250 



Butler 
do. 



Butler (3 miles south) do 

Do." do 

Butler Township »" do 

CambriaMill" Cambria 

Cameron Station (\ Cameron. ... 

mile northeast ).'o 
Cannonsburg (vicin- i Washington 

Ity)." 



do 

Cuml)erland 
.- . do 



2,2(» 

3,1(1) 

1,700 
2.4.')0 
+2, KW 1 
1.047-1,636 I 
1,615 , 
550 ' 
600 I 
2.500 

1,850 

3,055 
1,500-1,050 , 

3,006 I 
1,500-1.785 
1,521-1,637 i 

653(?) 
971 

l,76a-2,502 



2.?r 
420 



Canton Township *' . 
Carlisle (UmilesSE). 
(Jarlislo (5 miles I 
west). I 

1 Record, Pa. 2*1 Geol. Surv., RejiortH, VoL I*, 
p 232 

«Il)id.,p. 154. 

« Ibid., Vol. in, pp. 4(H-404. 

«lbid.. Vol. P, pp.142 \V.V 

•Ibid., Vol. II.pp. 22S iW. 

•Ibid., Ann. Rept.. 1W«K part 2, pp. 778-779. 

»Ibid., Vol. P, pp. i:« IIU: Vol. R R, p. 248. 

•Ibid., Vol. P, p. 186. 

•Ibicl., p. 168. 
"Ibid , pp. 1 84-18.5. 
"Ibid , Vol. K, pp 108-109. 
"Ibid., Vol. P. pp. 2-^4-22.5. 
" Records, Pa. 2<i Oeol. Surv., Reports, Vol. Q, 
T)D. 234-226; Vol. II, pp. 273-274; Vol. P, p. 

" Ibid., Vol. P, pp. 97-103 

^•Ibid.. VoL V, p. 89; Vol. R, pp. 287-290. 



Remarks 



For oil or gas. 
For oil or ga 
succeeafuL 
Do. 
Gas well. 

For oil or gas. 
Small gas well 
Foroil or gas; 

doned. 
Do. 
Do. 
For oil or gas; 

dnctive. 
For oil. 
For oil or gaa 

doned. 
Several oil wc 

For oil. 
Numerousoil 

wells. 
For oil. 
Oil and gas w 
ForoiL 



For gas; smi 

ply. 
For oil or gi 

suooeaafuL 
For oil or ^ 

ductive. 
Gas well. 
Do. 
Do. 
Oil and gas w 
Unsucceasfnl 



For oil or gai 

doned. 
Da 
Several oil a 

wells. 

Gas and oil w 
For oil. 
Gas well. 
For oil 

Numerous o 

gas wells; st 

productive. 

I For oil or gas 



»• Ibid., Vol. G*. pp. 150-151; Vol. lU.pp. 

" Ibid., Vol. II, pp. 258-259. 

" Ibid., Vol. P, p. 272. 

"Ibid.pp. H« 164. 

«• Ibid, Vol. P, p. 139. 

«» Ibid., Ann. Rept., 1886. part 2, p. 778. 

«» Ibid., Vol. P, t»T). 317-318. 

" Ibid., pp. 2aV2:«. 

«< Ibid., pp. 212-213. 

«»Ibid., Ann. Rept. for 1886, part 2, pp. 

'•Ibid., Vol. P. pp lKJ-194. 

2'Ibid.,pp 2IW 210 

"-Ibid . Ann Rept. for 1886, part 2, pp. 

«» Ibid , Vol. HH, pp. 176-180. 

••Ibid.. Vol. RR. part 2, p. 23; vol. G«, J 

» Ibid.. Vol. P, pp. 281-297. 

•nbid., pp. 279-r 



8 
6 



8:1 
120 



-310 













5 










































5-4i 






.V4| 
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tion. 



Is (vicin- 
( Station 



(2 



mn?. 
mrg 

St). 

ive Town 



*ree Bor- 
in* 



(3 miles 

Jt).' 

Town- 



•wnahip* 



!• 



: (vicin 

imship** . 
'own»nip'» 
rUle<lmile 

4 

er Town- 



(1 mile 

township.. 

^rti" 

' Town- 



Ooonty. 



Qmone 

Went mo re 

land. 
Franklin . . . . 
do 

Warren 



Cambria 



Crawford 

Clarion 



Clearfield ... 
Batler 



Venanfco . 
Foreitt .. 
Clarion . 



Township. 
I'ownship '• 



AUeghenv 
Crawford. 
do 



Venango 



Erie ..... 
McKean . 

Warren.. 
Potter .. 
Venango. 



ncinity)" 
1" 



94 



in 



9ft 



Clinton 

Allegheny . 

Cambria... 
Armstrong 
Beaver 



rg 



'ownship *' 



McKean .. 
Bchnylkill 
Allegheny 

Warren . . . 



Crawford.. 
Allegheny . 
Bntler 



Depth. 



S.43S 

l.Ml 

+4U0 
600 

l,M8-2,004 



053 

415-710 
1.33»-1,3S7 

2.900 

1.56»-l,fleS> 

836-1,9)6 
12.100-2.738 
843-2.060 
2.4ai 

4 



Diame 
ter. 



Incket. 



•^50 



451-024 

2,340 
1,582-1,601 

720 

2.100 

600-1.506 



458 

2.\p6 

677 

1,3M-1.6]8 

2. 



^444 



Bucks 

Clearfield... 

Qreene 



1.404 

515 

1.000 

426-632 

680? 
l,8ie 
1,565-1,740 

750 
3,020 



na 

»tion" ... 

Township. 

Pa. 2d Geol. 8arv., Reports, Vol. I», 

-^16. 

an. Bept. for 1886. part 2, pp. ?i5-?^i. 

3l. I*, pp, 36-27, 375-376. 

146. 

[>L II, pp. 66-69. 

o\. I», pp. 157-150; Vol. III. pp. 413-414. 

3l. I», pp. Iti6-167. 

on. Bept. for 1886, part 2, p. 178; Vol. 

206-2nC 

yl. II, pp. 219-222. 

I, Pa. M Geol. Sarv., Reports, Voi. I». 

-16L 

jL I«, pp. 140-141. 

oL I», pp. 381-282. 



234-230. 



Yield 

Jier 
note. 



Height 
water. 



RemarkM. 



GalUtnM. 



Frrt. 



-r 



For oil or gait. 
Do. 

Water at 430 f iN^t 

Several oil and gas 
wells; some unpro- 
dactive. 

Gas well. 

Several oil wells. 

Several oil wells; one 
nnprodnctive. 

For oil or gas; unpro- 
ductive. 

Several oil and gas 
wells: one unsuc- 
cessful. 

Several oil wells; 
mainly productive. 

For oil or gas. unsuo- 
ceHsful. 

For oil or gas, one nn- 
productive 

Gas well. 

Oil and gas welL 

For oil or gas. 

Do. 

Gas and oil well. 
Gas wells. 

For oil. 

Small gas well 

Numerous oil and 
gas wells, mainly 
productive. 

Coal prospect, unsuc- 
cesAful. 

For oil or gas. unpro- 
ductive. 

For oil. 

Oil and gas wells. 

For oil or ga.s, unpro- 
ductive. 

For oil or gas. 

Coal pronpoct. 

For oil or gas, aban- 
doned. 

S«vcM*al oil and gas 
wells. 

Oil well. 

Oil and gan well. 

Many oil and gas 
wells. 

For oil or ga.s. unpro- 
ductive. 
Several oil wells. 



'Mhid., Vol. I«, p. 228. 

«Mbid.,Vol. I<, pp. 359 261. 

'"Ibid., Ann. Rept., \Hm, part 2. pp. 77,V776. 

>• Ibid., Vol. II, pp. Mi 'JiYt, 210 214; Vol. l\ pp. 

«2-«3. 
»«» Re<ord. Pa. 2d Oeol. Surv., Reiwrts, Vol. I*, 



pp. 264-2t>5. 
Ibid., 




«»Ibia., Vol. HH. p. :«). 

2--« Ibid., Vol. II, pp. 2.'i3-258. 

*'Ibid., Ann. Ropt.. 1886, part 2, pp. 780-781. 

"n)id.. Vol. I*, p. 00. 

'•Record. Am. Phil. Soc., Proc., vol. 16, pp. 

;«7-,}7(). 
*• Record, Pa. 2d Qeol. Surv., Reports, VoL P, 

pp. 257-258. 
" Ibid., pp. \0tt-2«i-, \oV W vv."«a-^«b, 
«« Ibid., Vol 1*, pp, \»-V», 
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Ij<K*ation. 



Elaglo Station 

EaHt Bethlohom 
TowuHhip.* 

East HrookHide 

East Deer Township « 

Easton 



East Piko Run 
Township.* 

EliensbiH'K 

Edenburg* 

Edenbnrg (1 mile 

southeast).' 
Eldred Township «. . 

Elkland 

Elklick 

Do 

Elk Township 7 



Do.« 



Connty. 



Delaware ... 
Washington 

Schuylkill . 
Allegneny . . 

Northamp- 
ton. 
Washington 



Cambria 
Clarion . . 



IH'pth. 



1. 



Warren 

Tioga 

Somerset ... 

do 

Clarion 



Feet. 
1.7(in 

585 

im-i.24;j 

1,»54) 



Diumo- 
ter. 



Inrtu'M. 



H 



1.(JII0 
1.2ttH 

415-4M1 



I 



r»i 



Warren 



Elrod J Allegheny . 

j 

Do.» ' do 



Elrod ( 1 mile north) do . . 

Elrod Township >»-.. Warren 
Emelton (vicinity ) » ' . , Venango 



Emporium!' 

Emporium (4 miles 
northwest)." 

Enterprise >♦ 

Enterprise (vicin- 
ity)." 

Erie" 



Do.>» 
Do... 



Cameron. 

do..., 

....do... 



Warren 
.....do.. 



Erie 



+ 1.54II) 
977-1, 45() 



1,500 
±1,500 

1,48« 

1,510 
588-014 

7ao-i.ow» 

1.410 
+40i» 
1.607 

474-487 
4tf2-8tN) 

4.4») 



Yield I Height 
iM»r I of 
inut«».! watiT. 



Homark! 



m 



(iallitn*. Fr*t. 
Few. ! 



lo:» 
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Many. 'No flow. 



Salt well, ahai 

Oil well. 
Several gas 
one abando! 



Qas well. 
Qood oil well 



Flows 



.do 1,350-1,418 

.do 470-8(Ni 



Fairoaks" 

Fairoaks (vicinity)" 
FallH Creek Station 

(near).'" 
Fair view Township" 

Do." 

Farrentown'* 



Fawn Township 



Forest City 

Forosthill 

Fort Hunter. 

Forward Township ** 

Foxburg** 

Franklin (i mile 

northeast).'* 
Franklin (8 miles 

south)." 
Franklin Towu.ship '" 



Beaver . . . 

do.... 

Jefferson . 



1.60t-» 
3,0«» 



Butlor 1, 421-1. «W 



Erie 

Armstrong 



Wayne 

Union 

Dauphin 

Butler 

Armstrong . 
Veuaugo 



do 

Washington 



700-1, 0f)0 
1.140-1,106 

1.147-1,550 



480 

2. 075 

1. 553-1. Wi 

805-W4 

4H0 

3.880 

2.I30S 



» Record, Pa. 2d Geol. Surv., Reports, Vol. K, 

pp. 178-17U. 
9 Ibid., Vol. 16, pp. 237-2:Js. 



«Ibid., im. 3(r2-J(W 

«Ibitl., V'^ol. l\ pp. 139-140. 

*Ibid.. Vol. II. p. 22?>. 

•Ibid., Vol. I<,pp. .*.3^53. 

Mbid., Vol. II, pp. 2:«-2:t>; Vol. III. pp, 415-410. 

•Ibid., Vol. I^j>.30. 

•Record, Pa. M Geol. Surv., Report for 18S0, 

part2, pp. W57-W18. 
»Ibld., Vol. II, pp. 1»5-19»>. 



«« Ibid., pp. 2a2-2i5. 
»Ibid.,Vol.G*, p. 140. 
i»Ibid.,p. 141. 
Hlbid., Vol II, pp. (VVfirt. 
ord. Am. Phil 8oc., 



Oil and gas ^ 
For oil or gai 

For oil. 
Several oil 

wells, some 

ductive. 
For oil, al)an< 
For oil or gi 

doned. 
For oil or gut 

cessful. 
For gas, aha 
For oil or gm 
Numerous o 

mainly pro 
For oil. 

For oil or gas 

ductive. 
Several oil \i 
Do. 

For oil or gi 
doned. 

Gas wells. 

Numerous i 
oil wells. 

Small oil wel 

Gas well. 
Do. 

Numerous 
gas wells. 
Several gas i 
Several oil j 

wells. 
Several g o 

wells. 
Coalprospec 
Sulphur wat 
Abandoned. 
Oil and gas v 
Small oil wo] 
Good oil well 

For oil or gas 
ductive. 

For oil or gs 
doned. 

" Record, Pa. 2d Geol. Surv., Reports 

pp. lH7-h«. 
>' Ibid., Vol. I«, pp. 122. 290. 
«« Ibid., Vol. P, pp. 2:i2-2;«. 
'Mbid.,p. 2:W. 
^Mbid-.p. ir4. 
9» Re<'ords. Pa. 2d Geol. Surv., Reports 

pj). 24») 2»)2. 
" Ibid.. Vol. Q*, pp. 2tS2-2i«. 
23 Ibid, Vol. 11. j)p. 242-24^1 
2Mbid.,Vol.I\p.208. 
'-"^ Ibid.. Vol. II. pp. 237-238. 
•-'Mbid..Vol.I«.p.(W>. 
'i' Ibid.. Vol. I", pp. 185-186. 
2" Ibid., p. 279. 



6 



Flows. 



Flows. 



Proc., vol 16, pp. 367- 
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on. 



County. 



fmsbip' 



^wnship. 

4 



Alleirheny 

do.. 

Tioftm .. 



Clinton 
Beaver. 



mship • . Pajrettt* . . . 
I* Allegheny 

mile do 



whip".-. Erie 

C^l miles Washington 

^ItyCvi- Butler 



(Smiles do 



' (vicin- 
nahip.. 



...do 



(4 miles 

wnship" 
nshlp^V 




•Fork... 
mship '" 



Mmshipi* 
▼icin- 



Town 



miles 
miles 

rinity)". 

wnshlp'" 



vicin 
(Ution 



Greene 
Erie... 
Greene 
do 



do 



Clinton ... 

Beaver 

Danphin . . 

Allegheny 

Potter 

Bntler 



Luzerne 

Potter 

West more 

land. 
Bntler 



Washington 
do 



.,..-do 

do 

Elk... 



Bradford . 
Allegheny . 

Beaver 



Depth. 



Diame- 
ter. 



Yield 
minate. 



Height 
water. 



...{ 



FVet. InHieM. frallona. Feet. 

l,9a^S,liiO Several oO or 

wells. 

±i:^) .^<>'-« 

1,346 



3,5» 
1.43U 

l,im 
tl.dno 

2.017 

M) 
2.73) 

1,H75 

l.snr) 

1,423-1.. 530 



or 



For oil or gas, aban- 
doned. 

For oil or gas. ahan- 
doned. 

GaH well. 

For oil or gas, aban- 
doned. 

For oil or 



For oil, unsnooedsf uL 
For oil or gas, unpro- 
dnctiva 



Do. 



Several oil and gas 

wells. 

( HI and gas well. 

780 LArge saa well. 



W8 
709 

2,011 



(HI W(>11. 
Do 



Oil well. 

2,31.V2,4()I> I ' Several oil w e 1 1 f* : 

I some unproduc- 

I tivo. 

1,613-1.7(0 Several oil wells; one 

abandoned. 
For oil. 



-1.800 
1,644 
2.8(KJ 
+44M) 
l.l(»-1.2r)0 
1.995 
88l»-l,3tt7 

482-^»0 
1.2K6 



6 Forgan, Abandoned. 

Two wells. 
Several gas wells. 



For gas or oil. 

Coal proHpects. 
For oiL 



1.255 i ! Gas well. 



1,784-1,901 



2,3(e 

7UI>-1,1.'>1 
2,«06-2,44« 



WIO 
1.744 



I 



l..'i<lO(*) 



*a,SdGeol.Surv., Reports, Vol. I«, 

[*.p.l44. 

[», pp. 147-148. 

n-328. 

Rept. for 1886, part 2, pp. 742-744. 

[».p.242. 

->*.p.25e. 

[•.pp. 306-306. 

[*,p.l38. 

il, pp. 247-248. 

Btept. for 188»J, i>art 2, p. 774. 



>^.145. 



Geol. Surv., RefK)rt8, Vol. R, 



7. 



Several oil and gas 

wells. 
Gas well. 
Large gas well. 

Largo flow of gas. 

Several large gas 
wells. 

Many oil and gas 
wells: some aban- 
doned. 

For oil or gas. 

Do. 

••Ibid., Vol. I», pp. 1.51-152. 

"Ibid., Vol. R. pp. 179-1H2; Vol. I«, pp. lU-lU 

»" Ibid., Vol. 1», pp. 2:irH23a 

•• Il^irl., Ann. RcT)t. for 1886, i>art 2, pp. 684-tWH. 

"Ibid., Vol. G^ pp. 80-81. 

«> Ibid., Ann. Kept, for 1886, part 2, pp. 718-719. 

" Ibid., Vol. G^ p. 79. 

"Ibid., Vol. I», p. 223. 

«« Ibid., pp. 19r>-197. 

" Ibid., Ann Rept. for 1886, iiart 2, pp. 7r»4-7.V>. 

'•Ibid.,pp. 769 7*2. 

'" Ibid., pp. 758-760; Am. Pha Soc., Proc., vol. 16, 

p. 489. 
'" Ibid., Pa. 2d Geol. Surv., Ann. Rept for 1886, 

part 2, pp. 707-709; Vol. I», p. 156. 
" Ibid., pp. #44-746. 
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Looation. 


County. 


Depth. 

Feet. 
025 

2,600 

1,505 

1,490-1,572 

543 

1,475-1,1185 

2,233 


Diame- 
ter. 

IncKes. 


Yield 

per 

minute. 


Height 
water. 


Bemar) 


Homo wood Station 


Beaver 


OalUms. 


Feet. 


For oil or sa 


( vicinity). » 
Honesdale (5 miles Wayne 








Two oil well 


from). 1 
Honesdale (6 miles do 








doned. 
For oiL 


north).' t 
Hopewell Township ' Beaver 










Horatio Jefferson 






-10 




Howe Township * ' Forest 






Several oil n 


Do.(?»» do 








Oas welL 


Hulton Station ( near ) 
Humes Station 


Allegheny . . . 








For gas: on 


Clinton 


1,821 

400 

1,187 

+1,223 

4,380 

2.340 
l,ri4 

688 
1,063 
2,658 
1.732 
2,014 
400-1,003 

1,310-2,505 

780 
2,510 

2,856 

2,600 

l,3a5-1.756 
1.454 
2,300 

1,048-2,285 

1,608-2,000 
2.111-2,490 

1.140 
1.080 

1.017 

2.100 

7H0 
1,130 








ful 
For oU or eai 


(near).* ' 
Huntintrdon Huntingdon . 








dactive. 
Several well 


Hyner Station (near)'', do 








For oiL 


Independence Town- Beaver 








Foroilorgai 
dactive. 


ship. 8 1 
Irwin 1 Westmore- 








land. 
Do.» do 








Do. 


Jacks Run 1" j Allegheny ... 

Jackson Township "J VenAniro 




Many. 


Flows. 


Fresh watei 

feet. 
Oil well. 


Jamestown *' 


Mercer 

Greene 








Oil and gas ^ 


Jefferson ** 








Jefferson Center ' * . - . j Butler 








Oil well. 


Jefferson Township ". Alleflrhenv . . . 








Oas well. 


Jenks Township ^ v . . 


Forest 

do 








Several gai 


Do." 








wells: ai 
tiv& 
Several wel 


Jermyn 


Lackawanna. 
Elk 


6 


25 


- 


ly unprod 


Johnsonburg S t a - 


Large gas m 


tion.*" 
Johnstown '" 


Cambria 

do 

Elk 








For oil or ga 
dactive. 
Do. 


Johnstown (4 miles 








west).'" 
Jones Township "... 








Two oil W4 


Karns City (k mile 


Butler 

Forest 

Warren 

Jefferson 

McKean 

Butler •.. 

Westmore- 
land. 
Armstrong .. 

Fayette 

Erie 








abandonee 


south)." 
Kingsley Township '* 


• 






For oil or ga 


Kinzua Township '* . 








dnetive. 
Several o 


Knox Township '* . . 








mainly u: 

tlve. 
Moderate gi 
Several ou 


I^afayette T o w n - 








ship." 
Lardonrf Mills'' 








wells. 
Oas well. 


Latrobe'" 








For oil or ga 


Lawrence burg 










(south of)." 
Laytijn Station '" 








For oil or 


Loboeuf 








productive 
Ou and gas ' 


LimeHtone (3 miles 


McKean 








Oil well. 


south). 











» Record, Pa. 2d Oool. Surv., Reports, Vol. QQ, 

pp. 260-251. 
' Ibid., Vol. G", pp. 91-03. 
» Ibid. , Vol. P. pp. 2;M-235. 
*Ibid.. Vol. I*, pp. 79-81: Ann. Rept for ixm, 

imrt 2. p. 700. 
» Ibid., Ann. Rept. for 1S8C>. part 2. pp. /00-701. 
«n»id.,Vol.P,p.l97. 
'Ibid.Vol.G«.pp.i;n-134, 
** Ibid.. Ann. Ropt. fr)r 1886. part 2. pp. 779-780. 
• Ibid., Vol. P, pp. 221-222. 
*° Ibid., Ann. Rept. for 1886. part 2. pp. 748-749. 




_. _, 314-315. 

!* Ibid., Ann. Rept. for 1886, part 2, pp. 716-717. 
"Ibid., pp. 752-753. 



»« Ibid., Reports, Vol. I«, pp. 81-«3. 

" Ibid., pp. 8:i-86; Ann. Rept. for 1886 

pp. 7(B 705. 
"• Ibid.. Ann. Rept. for 1886. part 2, pp. 
•» Ibid.. Reports. Vol. I*. pp. 169-170. 
" Ibid.. pi>. 170-171. 
'» Ibid., Vol. P. pp. 127-128. 
" Ibid., Vol. II. pp. 262-263. 
'3 Ibid., Ann. Rept. for 1886.i>art 2, pp. 
"Ibid.. Vol. P. pp. 27-29. 
" Ibid., Vol. P, pp. 162-16:1 
'« Records. Pa. 2d Geol. Surv., Rept8.,V 

'^ Ibid. ,' Vol. 11. , pp. 27(^-271. 
" Ibid.. Vol. I*. pp. 223-224. 
"Ibid.. Vol. II.. p. 243. 
" Ibid.. Vol. I», pp. 318-319. 
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ion. 



lington. 



tear) 

:ty(near). 

I (near)'.. 
miship* .. 
tn(near)*. 

>wii8hip'. 

I Town- 



Oonnty. 



Adams 

Washington 
Clinton 



Warren 

Wyoming, 
fctchuylkill . 

York 

Forest , 

Bntler 

do 



t Borongh 





ar)>» 



;neftr)»* .. 

West (1 
ti).** 

X Town- 

: Town- 



Allegheny . . 

Favette 

Allegheny . . 

Washington . 
Allegheny . . . 
Crawford 

Mercer 

McKean 



Meroer. 
....do- 



la »«♦... 
iship '• 



e (1 mile 
)." . 

nel 

Morris 
B«* 

3 (vicdn- 
dcinity)^* 

md*' 



i.iao 
hbso 

1.905 
7U5 

i,guu 

1,830 

2,110 

2,342 

1.640 

900 

1,702 
1,300 

2.090 
3,484 

1,785-1,990 

1,6&5 

2,280 
2,152-2,218 
1,800-2,337 

1,257-1,680 

1,708 

717-722 
900 

1,772 

1,337-1.440 

1,312-1,466 

780-995 

1,686-1,837 

2,700 

1,912 

700-900 

1.820 

800 
iclnlty)" Greene 12.970-3,221 

Pa. 2d Geol. Surv., Repts., Vol. P, 

233. 

.U, pp. 278-279. 

.0«. pp. 146-147. 

1. Bepc. for 1886, part 2, p. 720. 

.P.p. 210. 

242-S43. 

322-388. 

S4. 

^. Va. Geol. Snrv., Repts., Vol. 1, I88i«, 

X). 

ol. Surv., Repts.. Vol. Q*. p. 175. 

bid.,Vol.U..p.275. 

Pa. 2d Qeol. Surv., Reports, Vol. I*, 

1. IIjp. 271; Vol. P, pp. 197-1'18; Vol. 



Butler 

Clarion 

Allegheny... 

Clarion 

Washington . 
Allegheny . . 

Beaver 

Allegheny ... 

Columbia 

Northumber 

land. 
Greene 



Weetmore-* 

land. 
do 



•Depth. 



Diamo-i 



Feet. 



500 



3.525 
960-1.515 



Yield 
^^' imffute. 



Height 
water. 



Inche». \Gallo7i*. 



Forest 



vicinity). 



ickley 



30 



imilton 



Allegheny 

Lawrence 

do 

do.- -. 

Beaver 



Mifflin 



.1 



6i 



Keet. 



2 I Many. 



Flows. 



2 



H 



Many. 



Flows. 



Remarks. 



Two gas wells. 

For oil or gas; nn- 

successful. 
Two oil or ns wells; 

abandoned. 
Deep well. 
Temp.51'». 
For oil or gas. 



For oil or gas; un- 
productive. 

Gas well. 
For oil or gas. 

Gas well. 

Do. 
Several oil weUs in 

this vicinity. 
Gas well. 

For oil or gas; unpro- 
ductive. 
Do. 
Do. 

Several oil and gas 
wells. 

For oil or gas; unpro- 
ductive. 

For oil or gas; unsuc- 
cessful. 

Oil and gas well. 

Gas wells. 

Several oil and gas 
wells. 

Several oil or gas 
wells. 

Fresh water. 



Oil well. 

Numerous oil and 

gas wells. 
Li^e oil field. 

Numerous oil and 
gas wells; some un- 
productive. 

Several oil and gas 
wells. 

For oil or gas; un- 
productive. 

Gas and oil well. 

Several wells. 

For oil or gas; unpro- 
ductive. 

Not in operation. 

Several wells. 



'« Ibid., Vol.II,pp.2:tJ-234. 

" Ibid., Ann. Rcpt. for 1886, part 2, pp. 741-742 

'^ Ibid., Reports, Vol. III. pp. 411-412. 

»«'Ibid.,Vol.P,p.301. 

20 Ibid., pp. 263-268. 

2> Ibid., Ann. Rept. for 1886, part 2, pp. 688-689. 

"Ibid., pp. 746-747. 

" Record, Pa. 2d Geol. Surv., Reports, Vol. I», 

pp. 316-317. 
"Ibid., pp. 215-218. 
«» Ibid., Ann. Rept. for 1886, part 2, pp. 673-674, 

721-724 
2« Ibrd., Reports. Vol. I«, pp. 00-77. 
2' Ibid. . Vol. 1». pp. 258-2liU. 
2« Ibid., Vol. G*. pp. 151-152; Vol. II, pp. 275-276. 
2" Ibid. , Vol. I», pp. 231-232. 
"Ibid., pp. 308-312. 
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Location. 



North Mahoning 

Township. 
North Btrabane 

Township. 
North Warren (near ) ' 



Da« 



Do.» 

Oakdale Station (3 

miles north).* 
Oakland Township * . 
O'Harra Township • . 

Ohio Township ' 



Connty. 



Indiana 

Washington 
Warren 



do 



.. ..do 

Allegheny 

Venango.. 
All^heny 

do 



Oil City 

Do.» 

Oil Creek Township 

Do." 

Ohnstead (near) 

Oneida Station (U 

miles east).** 
Osterbarg (2 miles 

northwest). 

Parker City" 

Parker Township " . . 

Pennsbnrg 

Penn Township » < — 

Do.>» 



Venango.. 
...do... 
Crawford 
Venango. 
McKean . 
Butler ... 



Bedford. 



Armstrong .. 

Butler 

Montgomery 
Allegheny . . . 

Butler 



Do.** -.- Westmore 

land. 

Do.*' do 

Perry Township*".. I Armstrong 

Do." ..do 

Petroloum Center*".! Venango... 



Petrolin (vi«'inity)''' 1 Butler 



Philadelphia (Mel- ' Philadelphia 
ro6o». ' 

Philadelphia ( A m - 
blor Works). 

Philadelphia (Mo- 
rocco Works). 



do 
do 
do 
do 
do 
do 



Philadelphia (N. & 

G.N.Taylor). 
Philadelphia ( League 

Island). 
Philadelphia (Hog 

Island). 
Philadelphia (Twen- 
ty -fourth and 

Brown streets). 
Philadelphia (Thir- ...do 

teeuth and Mount 

Vernon streets i. 
Philadol p h i a i do 

(Seventh and Cul- i 

low Hill streets t. I 

'Record, Pa. 2d Ger)l. Surv., Reports, Vol. l\ 

pl).l(>-l.j. 
Mbid..pp. 11 i:i 
» Ibid., p. 12. 

* Ibid. . Vol. P. pp. ai2-2«.3. 
•Ibid.. Vol. 1 1, p. 202. 
•Ibid.. Vol. P, pp. 230- 241. 
'Ibid..pp 244-251. 
•Ibid.. Vol. IIl,p. 416. 
•Record, Am. Philos. 8oc.. Proc., Vol. 16, pp. 

482-487: Pa. 2d Oool. Surv., Reports, Vol. H. 

pp. 304-205. 
'•Ibid., Pa. 2d Geol. Surv., Reports, Vol.ISpp. 

68-o4. 
"IWd., Pb. 2d aeol Snrv., Ann. Kept., 1886, 
jmrtJ^pp. 717-718. 



Depth. 


Diame- 
ter. 

Inches. 


Yield 

per 

minute. 


Heisht 
water. 


Feet. 
2,615(?) 


(lOllOMt. 


Feet. 


l.HOO 








475-066 








1.200-1.400 








1,R35 








2. 164 
640 




'....... 


1.(150-2.060 




. 


1,715-2,240 






1,070 

540-818 

3,500 












1 


902-1, Ott) 




1 


1,(M0 








2,135 








8a) 






+3 


860 








1,183-1,418 






1,000 




.:.: 1 


1,750 






1,528-1,825 




1 

I 


2,4U5 




1 






1 


1.580-1,600 
801-U50 




1 

_ . 1 . -. 


791 


1 ' 




500-900 






1,400-1,631 


1 




50O 


10-8 
6 


250 


-6 


5U) 1 6 


500 
250 




670 12 




600 
456 
495 














6 


60 
2.600 




3,(B1 


H 
H 




452 


150 











Remarks 



Gas well. 
Small gas wti 

Nnmerotis gi 
oil wells; so 
productive. 

Several oil • 
wells: un] 
tive. 

For oil: abant 

For oil or gas 



For oil or g 
productive. 

Numerous g 
oil wells. 

Several oil wt 
For oil. 
Several oil w 
Oil well. 
Qas well. 



Oil welL 
ForolL 

For oil or ^ 

ductive. 
Numerous c 

gas wells; 

good prodn* 
Large gas we 
Several lar| 
/ wells. 
For gas or oil 
Oil and gas w 
Numerous oi 

mainly prod 
Numerous g 

oil wells. 



»Mbid., Report.s, V^ol. II. p. 242. 

»Mbid..pp.'24;J 246. 

» * Ibid. . Ann. Rept. for 18S6. part 2, pp. 74( 

»» Ibid. . pp. 7i;j 716; Vol. P. pp. 203-206. 

*''nmi..pp.:il»-22(). 

*'Ibid..i.p.2lH-219; Ann. Rept. for 1886, 

pp. <24-:25. 
i*" Ibid. Vol. II. pp. 240-241. 
* " Ibid. . Vol. Ill, pp. 416-417. 
2" Records, Am. Phil. Soc., Proc., vol. 

470 477. 
•'" Records, Pa. 2d Geol. Surv., Reports, 

pp. 260-281, 283-296. 
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mS 



h i a I Philadelphia. 



ma Wil- 
is). 

a (Fif- 
d Market 

a (108 
Broad 

a (Broad 
ilow Lo- 

a (Am- 
Hchaefer 
Jo.). 
»hlp> 



o Town- 



do 
.do 
.do 
.do 



Potter 
do. 



Schnyikill 
Venango.. 



do.. 

Warren 



ihip * Allegheny . 

AmiMtrong 

linity; ■ .. Venango. .. 



do 



Langave- 
Oraasier 

Twonty- 

i). 



All 



.^c 



heny 
o 



Twenty- 
d).»» 
Twenty- 
ard>.»« 
(Foar- 
ard).'* 
lear steel : do 



..do 
.-do 
..do 
..do 
..do 



just out- , do 

do 

(Thirty- do 

ard).'» 

Twenty- do 

d).»« 

Twenty- do 

rd). I 
< Thirty- do 

rd)." 



Pifteeuth 



do 
do 



l.OU) 



484 
fiCSS 

i,riuo 

1.8% 

l.iiOl) 

4») 
1,8(»-2,(1»M) 

912-1,070 
750-1, KSI i 



2,010 
1. 410-1. (») 
4:17-980 



4.700? 



Yield I 
minute. 



Inches. OallonM. 
10 100 



Ueiffht 
water. 



100 



60 



110 



60 



8 ' Many. 



Feet. 



Bemarka. 



No flow. 



fTwenty 
d). i 

Twenty- do 

rd) 



f>a. 3d Oeol. Surv., Reports, Vol. P, 

149. 

149-150. 

4. 

l«,p. 04. 

16-18. 

I», pp. 243-344. 

Ill, pp. 409-410; Vol. II, p. 277. 
II,pp.4tT^; Am Phil K. 8o<'., Proc., 
pp. 4W-471. 
^ 3d Geol. SurK.. livports. Vol. I-, 



For oil or gaii; unpro- 
ductive. 

For oil or gas; aban- 
doned. 

Heveral oil wells. 

For oil 

Several oil and gas 
wcIIr: small pro- 
duction. 

Tw(» gas and oil wells. 

< HI and gas wells. 

NumerouH oil wells; 
large production. 

For oil or gas; unpro- 
ductive. 

No water below 1,100. 

For oil or gas; aban- 
doned. 

Giis well. 

For oil or gas; aban- 
I doned. 
Large gas well. 

Gas welL 

Dry hole. 

For oil or gas. 

Gas well. 

Small flow of gas. 

For gas: unsuccess- 
ful, owing to salt 
water. 



For gas; flooded 
with salt water. 

For oil or gas; aban- 
doned on account 
of salt water. 

For oil or gas; aban- 
doned. 

For gas; flooded with 
water. 

For oil or gas; al>an- 
doned on account 
of salt water. 

'"Ibid., pp. 276-277. 

» ' Ibid., Ann. Kept., 1886, part 2, pp. 730-733. 

»-»Ibid.,pp. 73;^7a«. 

» Ibid., pp. 736-737. 

>« Record. Pa. 3d Geol. Surv., Reports, Vol. Ill, 

pp. 308-400. 
»* Ibid., Ann. Rept. for 1886, part 2, pp. 739-741. 
»« Ibid., Vol. I\ pp. 275-376. 
>7 Ibid., Ann. Rept. for 1886, part 2, p. 738. 
»-Ibid.,p.T4L 
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Location. 



Pittsfleld 
Bhip.)i 
Do.«.. 



(To 



Pittston 

Pleasantville (Sf 

milefl northwest)* 
Pleasantville (4f 

miles southeast). < 
Pleasantville (Smiles 

northeast).* 
Pleasantville B o r- 

ongh.* 
Pleasant Tow hship^ . . 

Do.« 



Ck>nnty. 



Depth. 



Warren 
do.. 



Pleasant Unity {Zk 
miles northwest). * 

Plumer (1 mile 
south ).»• 

President (near) '^ .. 



Pn nx n ta wney ( vicin • 
ity).» 

ktadnor Station 

Do 



Randolph (vicinity)'* 
Raymirton>« 



Raymilton (near) >^ 

Reagan town (south 

of).>« 
Reeds Ckjrnors *' 



Luzerne 
Venango 

do 

do... 

do... 

Warren. 

do... 



Westmore- 
land. 
Venango 



do.. 

Indiana 



Delaware .. 
....do 



Crawford . 
Venango. . . 



do 



Westmore- 
land. 
Crawford 



Reibold*** i Butler 



Reno>* 
Do. 



Venango 
,do 



Renovo Clinton 

Do do 

Do I do 

Richland Township *<> Clarion 



Richmond Township 

Ridgway«» 

Do.a« 

Ridgway Township *• 
Riverton 



Crawford . . . 

Elk 

...-do 

. .-do 

Cumber 

land (?) 
Allegheny . 

Beaver 

Venango 

...do 

Allegheny . 
Venango.... 



Feet. 
747 

1,500 

464-511 
415 

1,000 

885 

e(»-l,044 

1,586 

818-900 

650 

464 

1,280 

2,745 

600 
975 

565-960 
89a-l,410 

84.'>-l,410 

2,070 

500 

1.707-1.711 

570-590 

1.090 

4.000 

8.4410 

450-1. IJ50 

1, 040-1, 7<)(» 

900 

1,820 

772 

1.678 

48.'i 



1,770-2.427 

\m 

701 

6a)-l. 100 

1, 915-2. («7 

460-800 



Robinson Township * * 

Rochester" 

Rockland Station ** . 

Rockland Townsbip^^ 

Ross Township "* ... 

Rouseville (vicin- 
ity)." 

Ryerson Station Greene 2.716 

(north of)." 

* Record, Pa. 3d Geol. Surv., Reports, Vol. II, 

p. 196. 
•Ibid., p. 197. 
•Ibid., Vol. P.p. 175. 

* Ibid., Am. Philos. Soc., Proc., Vol. 16, p. 497. 

ft Ibid., Pa.2d Geol. Surv., Reports, Vol.I<,pp. 

54-55. 
•Ibid., Vol. II, pp. 9-04; Vol. Ill, p. 420; Vol. I<,p. 

55; Am. Philos, SocProc.^ol. 16, pp. 435-460. 
' Record, Pa. 2d Geol. Surv., Reports, vol. P, p. 

» Ibid.', Vol. P, p. 19. 

* Ibid., Vol. II, pp. 280-281. 
"Ibid., Vol. P. p. 180. 
>Ubid.,pp.l8al81. 

" Ibid., Ann. Rept. for 1886, part 2, pp. 776-777. 
*»Pa. 2d Geol. Surv., Rei>ort8, Vol. Q*, pp. 178- 

179 
"Record, ibid.. Vol. P. pp. 181-183; Vol. 1«, p. 68; 

Vol. Ill, pp. 419-42a 



Diame-, 

ter. 



Inches, 



12 
12-8 



Yield 
nute. 



G€Ul<ma. 



40-QO 



Heisht 
water. 



Feet. 



Remarl 



Pumped. 



-600 



5 



For oil or i 
productive 

For oil or i 
snooessfiil 

Two wells. 

OUweU. 

Gas and oil ' 
Do. 

Numerous 

gas wells. 
For oil or 

prodnctiv 
Several n 

wells. 
For oil or 

prodnctiv 



For oil or g 

doned. 
Gas well. 

Abandoned. 
Probably SQ 

ter. 
Several oil ' 
Numerous < 

wells. 
Several oil 

wells. 
For oil or ga 

dnctive. 
For oil or g 

doned. 
Two oil wel 
Severad oil ' 
For oil; u 

tive. 
Foroil;unst 
Gas weU. 
For oil or gi 
Several oil^ 
Oil and gas 
Small gas w 

For oil; uns 



Two oil and I 
For gas and 
For oil; alw 
Numerous ( 
Two gas we 
Numerous c 

For oil or gi 



"» Ibid., Vol. P, pp. 68-60. 

>*Ibid., Vol. P, pp. 227-228. 

"Ibid.. Vol. Q«, p. 212. 

'-Ibid., Vol. P,pp. llH-195. 

•Mbid., Vol.11, pp. 208-210. 

'» Record, Pa 2d tteol. Surv.. Reports 

pp. 22t» 227. 
''Ubid., Ann. Ropt. for 1886, Part II, p 
"Ibid., Vol. G*.\yp. 142-143. 
"Ibid., pp. 121»-i:n. 
9<Ibld., Vol. P. pp. 268-2li9. 
"Ibid.. Vol. II, pp. 279-280. 
'•Ibid., Vol. II. p. 207. 
«7 Ibid., j)p 21.')-218. 
"Ibid.. Vol. P, pp. 255-257. 
^Mbid.. Amer. Phil. Soc, Proc, vol. 16 

486 
3» Ibid., Pa. 2(i GeoL Surv., Reports, V« 

312-313. 
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ation. 


Coonty. 

• 


Depth. 

Feet. 
1,446-1,577 
2,010 
902-1,200 


Diame 

ter. 


Yield 

oer 

minute. 


Hoiffht 

of 
water. 


Remarks. 


lcinity)»... 
(west of)* . 


Bntler 

Elk 


Inches. 


Gallmu. 


Feet. 

1 


Gas wells. 


. ... ... 


1 


Gas well. 


cinity )».... 


Venan^ 

Clarion 

Somerset 

Indiana 

Venango 

Bntler 

do 






Several oil or :i> 


imship * . . . 


1, 196-1, 2(X) 

678 

2,014 

7»2 

3,065 

i,oeo 

1.867 
1,825 

2,060 

+700 

±1,000 

2.200 

2,000 

2,263 

2,000 
2.004 
1.850 




- 




wells. 
Oil and gas wells. 


Basin* .... 








(near)* 









For oil or gas; unpro- 
ductive. 
Small oil well. 


aek Town- 






tatkm* 








For oil or gas; aban- 
doned. 










.tion*» 


do 


• 






Gas wolL 


gr (2 miles 


do 

Lackawanna. 

do 

do 

do .. 

McKean 

do 

do 








For oil or gas. 
Abandoned. 


n (1 mUe 


6 
6 
6 

8-6 






It). 
(2 miles 

ISt). 

(3 mUes 


30 
40 


Flows. 




(6 miles 






»t). 
Station**.. 






For oil or gas; aban- 
doned. 
Dry hole. 


Station 








1 








rownship ** 


do 

do 


• **• -.-- 






For oil or gas. 
For oil and gas. 
For oil or gas; almn- 

donod. 
Exc43llont gas well. 
Good gas well. 
Several oil and f?as 

wells. 
Gas and oil wellH. 

For gas; al>andonod. 
Numerous oil wolls. 












do 


1,785 
2,043 










do 


1 






do 


1,802 
2,000-2,380 

2.008-2,133 

1.398 
547-972 




— 1 




do 








Town- 


Allegheny . . . 

Allegheny . . . 

Venango 

Mercer 

Allegheny . . . 

Warren 

do 






1 


wnship " - - 






1 


r«« 






.... . .. — 1 


[14 miles 


1,600 

2,010 

1,645 
1,565 (?) 

835 

961-1. 2IX) 









For iras or oil. 


4 

Tft (near)** 






For oil or pas; aban- 


vicinity) *< 








done<l. 

Good gas well. 

For oil or gas; unsuc- 
cessful. 

For oil or sras; a ban- 










do 











do 


1 




doned. 
For oil or gas. 
Numerous oil and (ras 


township *• 
fth (nAar) 


do 

Schuylkill ... 
Clarion 

do 


1.435-2,016 






5138 
2,025 

1.151 
1.411 

1,400-1,436 


8 






wells. 
Oil well. 


ille (1^ 






For oil or gas; unpro- 


ath).»o 








ductive. 
Oil well. 


tock Town- 


Butler 

do 









For oil or gas. 




1 






For oil; unpro<luc- 












tivo. 



Pa. Geol. Surv., Ann. Rept. for 18845, 
I, pp. n3-714: Vol. I*, p. m. 
%. 2a GeoL Surv., Reports, Vol. I*. pp. 

>1- II, pp. 205-206. 
>. 227-a». 
>1. 1*, pp. 146-147. 
>1. I-, pp. 167-168. 
>1. II, p. 201. 
>L I», pp. 198-194. 
194. 

ol. n, p. 260. 
270. 
9, Pa. 2d Geol. Surv., Reports, Vol. R, 

). 24a-245. 
). 245-248. 

Pa. 2d Oeoh Snrv., Reports, Vol. l\ 
-108. 

lOe-Jll. 
KH-IOTp. 
9dOeol finrv.,Ami. lUfiit. lor J.s.^ii 



'"Ibid., p. 608. 

««Ibid., pp.(K>i>-fiOH. Vol. l\ p. 117. 

*" Ibid., Pa. &1 (i«ol. Surv., Reports, Vol. I«. p. 

24^ J. 
*^» Record, Pa 'Jd Geol. Surv., Ann. Rept. for 

188<;, PartII.pp.T.'»2-75;). 
"D)id., Vol. 11. pp. :M-42. Amer. Philos. Soc., 

Proc., vol. in, pj). 4«()-44.S. 
*< Ibid., Pa. 2*1 (ieol. Surv., Rei)orts, Vol. 1>, p. 

410. 



" Ibid., Vol. 1% pp. 138-130. 
««Ibid., pp. S3,:J79-;»0. 



*'lbid.,pp. 24,380-;»l. 

a«Ibid., Vol. II, pp. 194 105. 

*» Ibid., pp. 193-194; Vol. I^ pp. 24-26, Vol. 1», pp. 

174-175: Ann. Rept. for 1886, Part II, pp. 

698-700. 
*nbld., Vol. 1\ pp. 4\^VT>. ^^ 

*» Ibid., Vol. G*,pp. UV\WN\ \o\.Ww*^a^-^5ai. 

" ibid., Vo\. Qq, V. \r>\. 

" Ibid., Vol. IV pp. \W-\U,No\.\*x 
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Location. 



8metbport (west 
of).» 

Smethport (vicin- 
ity).^ 

Smiths Ferry • 



Snowden Township * 

Snydersbnrg ^ 

Sodom (near) " 

Soath Payette Town- 

ship.7 
Sonth Shenango 

Township.^ 
Sonth Slrabane 

Township. • 
South Versailles 

Township. 
Do>» 



Ck>nnty. 



McKean. 
do... 



Beaver. 



Southwest T o w n- 

ship." 
Sparta Township > « . 



Spartansburgr (24 
miles southeast) . * ' 

Spence Run » * 

Spring: Township 

Spring Creek Town- 
ship.t* 
Do.'« 



Springdale Station 
(near). 

Sprini^fleld Town- 
ship. 

Stoneboro (near) »'.. 

Stoneham ( vicinity ) > *" 



Allegheny 
Clarion ... 
Allegheny 



Crawford... 
Washington 
Allegheny . . 
.-.-do 



Warren... 
Crawford . 

do 



Allegheny 
Oawford. 
Elk 

Warren... 



Allegheny 
Erie 



Mercer. 
Warren 



Sugar Run** McKean... 

Sugar Creek Town- ; Venango. . 
ship. «• 

Sulphur Run«» do 

Summit" .. Butler 

Summit Township *»-i do 

Do Erie 

Tarentum Allegheny 



Tarentum 
ity)." 



Tarentum (3f miles 

northeast).** 
Tarentum (U miles 

southeast). 
Taylorstown *• 



(vicin- i do 

...do 



Throop 



Westmore- 
land. 
Washington . 

Lackawanna 



Depth. 



2,004 
l,2y3-l,900 



600 

2,348 
l.e07 
2,275-2.502 
2,140 

1,065 
2,410-2,508 

1,550 
1,610-1,624 

500-1,550 
465-1.507 



745 

1.990 
512 

880 

600-1,061 



Diame- 
ter. 



Inches, 



400 
950 

1, 025-1. ea) 



970 
58:MJ06 

925-1. 35(» 

i., c(mm 

1,735 

4(M1 

+1,160 

482-1,705 



Yield 

per 

minute. 



OcUloru. 



3,010 



2,350-)J,7(i0 
2,380 



Height 
water. 



Feet. 



Remarks. 



» Record, Pa. 2d (4ooI. Surv.. Reports, Vol. R, 

pp. 271-272. 
nbid. pp. 272-276. 
' Ibid., Vol. II, pp. 281-282. 

♦ ibid.. Vol. P, pp. 273-274. 

* Ibid., Vol. OS p. 149; Vol. I«, p. 140. 
« I bid.. Vol. P, pp. 269-273. 

Ml. id., p. 273. 
^Ibid., Vol. Q*,p. 15:3. 
•Ibid., Vol. P.p. 280. 

»»Ibid , Ann. Rept. for 1886. Part II, pp. 751-7r,2. 
'» Record, Pa. 2d Geol. Surv.. Reports, Vol. P. 
pp. 49-62; Vol. I', p. 855: Am. Phil. S<)c , 
Trans., vol. 16, pp. 346-^J67. 
«»Ibid.,Vol.P, pp. 186-187; Vol.QVp.227. 
»« ibid.. Vol. II, p. 69: Am. Philoa. Soc. , Pro<-. , vol 
16, p. 493. 



For oil; abandc 

Several oil an* 
wells; small 
duction. 
For oil or gas; v 

ductive. 
Gas well 
Oil well. 
Several gas wa 
Oil well. 

Do. 

Qas wells. 

Gas well. 

For oil or gas; 
doned on acco 
salt water. 

Numerous oil ai 
wells. 

Several oil an 
wells; 8<mie 
ductive. 

Gas well. 

For oil or gas. 
Gas well. 
Foroil;un8nco( 

Several oil an 
wells; small 
duction. 

For gas; unsu 
fnl. 

Foroil:unsuoc( 

Oil well. 
Several oil an 

wells; mostly 

ductive. 
Oil weU. 
Two oil wellc 

abandoned. 
Two oil wells. 
Gas well. 
Oil well. 
Gas woll. 
For gas or oil; 

doned. 
Several gas a 

wells; smaL 

duction. 
For oil or gas; 1 

ductive. 
For oil or gas; 

doned. 
Several gas 1 

wells. 
Water in snial 

tity. 

'•» Ibid., Pa. 2d Gool. Surv., Ann. Rept., 181 
2 p 744 

'Mbici.", Vol. P. pp. i;cm:«. 

«Mbid.,pp.2ri2-2l&. 
'•Ibid., p. 121. 
»-lbid.,pp.2i)-23. 
•Mbid, Vol. P.p.91. 
••"• Ibid., Vol. II, pp. 200-201. 
«• Ibid., Vol. P, pp. 182-183. 
''2 Ibid.. Vol. P. p. 4(H. 
•■':' Ibitl.,Vol.II>i)p.2iiH-2»«). 
•^ • Ibid., Vol. I». pp. 4UV408. 
'^•'' Ibid, Vol. P.pp. 2;«-2;». 
■-« Ibid., pp. 298-299. 
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PKN:NSYIiVANIA— Ck)ntiiiued. 



Location. 



Waynesbarg •vicin- 
ity).* 

Wellersburg 

Wellsboro 

Weet Alexander (3 
miles west).* 

West Amity Station 
(near).* 

West Branch Town- 
ship.4 

Weet Deer Town- 
ship.* 

West Middletown'.. 

Wicks SUtian* 

Wilcox (4i miles 
north).* 

Wilkeeharre 

Do 



Willow Tree* 

Winfleld Township i<> 

Woodcock Township 
Woodrow (near)' » . . . 
WrightsTille (1 mUe 
northeast).*' 



Ooonty. 



Greene. 



Somerset 

Tioga 

Washington . 

.....do 

Potter 

AUegheny . . . 

Washington . 



Bntler 
Elk.... 



Lnzeme 
do... 



Qrecne. 
Bntler . 



Depth. 



I 



Yield 



Diame- _._ 
ter. ' ^^ 



Fert 
2,075-2,900 



1.307 

3,"a66* 

+2.3» 
l,7SO-«,reO 



Crawford 

Washington . 
Warren 



2,343 

3,456 

912 
1,850 

536 
406 

2.165 

1,685 

+000 
+4.:*)3 

1,200 



[minnte. 



Height 
water. 



Inches, 



GiiUons. 



Fttt. 



Two oil and pm 
w elto: o ne anfivo- 
diictiT<e. 

Oood water. 



For oQ or ga 
productive. 
GaswelL 



For ofl: 

fnl. 
For oil or 

dnctive. 
For oil or 

doned. 



SmaUollw«lL 



For water: 



For oil or 

doned. 
For oil or 

oeeafal. 
ForoU: 
Gas well 
Abandoned 

hole. 



aa diy 



> Record, Pa. 3d Geol., Sorv., Reports, Vol. I», p. 812. 

«ibid.,pp.arw-;ji5. 

>Ibid.,p.307. 

• Ibid., Ann. Rept. for 1SH5, pp. 86-91. 
•IWd., Vol. I»,p.24l. 

• Ibid., Ann. Rept. for 1886, part 2, pp. 756-758. 
»Ibid.,u. 720. 

»• Ibid., Vol. GS pp. 14;M46. 

• Ibid., Vol. 1», p. 316. 

>» Ibid., Ann. Rept. for 1886, part 2, p. 716. 
"Ibid., pp. 755-756. 
" Ibid., Vol. I«, p. 236. 



PUBLICATIONS RELATING TO DEEP BORINGS IN PENNSYLVANIA 

Oil Well Records, selected from the collections of Mr. J. F. Carll, by J, P. 
Lesley, American Philosophical Society, Proceedings, vol. 16, pp. 34(^-380, Phlk^ 
delphia, 1877. 

On the First Systematic Collection and Discussion of the Venango Comity Oil 
Wells of Western Pennsylvania, by E. S. Nettleton, prepared for publication bf 
J. F. Carll. American Philosophical Society Proceedings, Nos. 97-9», for 1876-1877) 
vol. 16, pp. 429-495, Philadelphia, IS77. 

Pennsylvania Second Geological Survey, Report of Progress. 1876-1877, Oil 
Well Records and Levels, by J. F. Carll, Vol. II, 398 pages, Harrisborg, 1877, 

Pennsylvania Second (^^eological Survey, Report for 1875-1879, The Gtoologyof 
the Oil Regions of Warren, Venango, Clarion, and Butler Counties, by J. F. 
Carll, Vol. Ill, 4s> pages, Harrisburg, IHSO. 

Pennsylvania Second (Teological Survey, Report of Progress, 1879, The GJeol- 
ogy of Erie and Crawford Counties, by I. C. White. Vol. QQQQ, 406 pages. Hit 
risburg, 1881. 

Pennsylvania Second Geological Survey. Report for 1880-1883, Q^ologioil 
Report on Warren County and Neighboring Oil Kegitms, by J. F. Carll, V<5. P, 
439 pages, Harrisburg, 1888. 
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E^ennsylTania Seocmd Gtoologieal Sunrej, Annual Report, 148$. part 2, 
the Oil and Gk» Bes^ons, l^ J. F. CmrH, pp. 575-918, Harrisborg, 1 f^, 
PeniiflylTania Second Geological Snirey, Serentli Beport on the Oil 
BfdB of Western Pttmsylrania for 1887-1888, l^ J. F. Carll, VoL' P, 356 
urisbnrg, 1800. 
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Do 
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800 
1,100 
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983 
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In granite. 
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Temp. 90.5'. 

Saline water: temp. 

Temp.il^. 

Do! 
Do. 
Several wcUs. 
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Temp. T2^. 
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Pumped at 9M) feet. 
Temp. 7«" 
Temp. 87° 



To 



Soft water. 



teoord, U. 8. OeoL Snrv.. BnlL No. 138, p. 230. 

bid.,p.2Sl. 

inalysis. Ibid. , p. 217. 

CeoOTd, ifnnidpal Report of City of Charleston, 1881, Artesian Wells. Report of Scientific 

inittee, pp. 3-4, plate. 

Lnalysis, U. S. OeoL Snrv., BnU. No. 138, p. 212. 

Ud.,pp.S14-216. 

Ceoordand Analvsis, Ibid., pp. 218-210. 

tooord. Ibid., p. SO. 

PUBLICATIONS RELATING TO DEEP BORINGS IN SOUTH 

CAROLINA. 



.onicipal Report of the City of Charleston, S. C, 1881; Artesian wells, report 

Scientific Committee, etc.. 61 pages, platea, Charleston, 1882. 

rtesian Well prospects in the Atlantic Costal Plain region, by N. H. Barton, 



5. 



Geological Survey, Bulletin No. 138, 232 pages, plates, Washington, 1896. 
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. pp. IH, SI. 



' Record. U. S Geol. Surr., ; 
•Record. U. 8. OooL Snrr.. 1 
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SOUTH DAKOTA— Continued. 



3&ti0XL 
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Si, sec. 15 
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do 
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do 

do 
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liles north )»« do 
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r,sec.21 ... 
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d 

» 
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do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
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.do 
.do 



Deptti. 



Diame- 
ter. 



I 



Feet. 
975 
1,(K5 
750 
000 
800 

'mi 

925 
1,010 

901 
1.965 
1.500 

650 
1,125 

960 
1,348 
1.092 
1.215 
1,200 

1,137 
1,200 
1,272 

i.iae 

1,140 

1,375 

1.343 

589 

528 

560 

543 

535 

440 

600 

483 

»J8 

510 

1,192 

1,453 

1,160 

417 

560 

542 
515 

580-540 

815 

747 

482 

550 

527 

419-^85 

420-462 

458 

490-572 

485 

485 

400-540 

559 

400^5J) 

490 

475^580 

500-798 

550-614 



945 I 
517-550 ' 



Inchea. 
4 



Yield Hciirht 
per of 

mmnte. water. 



4 

2 
6 

8-6 
4 
6 

8-« 
4i-3! 



6^ 




GcUlon*. 

i.ono 

1.025 

600-700 

Many. 

900 

2.100 

«(li>-700 

1,000 
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2 li 



120-10 
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50-40 
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Flows. 
Flows. 
Flows. 
Flows. 

Flow. 

Flow. 
Flows. 

Flow. 
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Flows. 

Flow. 
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Flows. 
Flows. 

Flow. 

Flow. 

Flow. 



Flows. 
Flow. 
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— 60 

- 30 
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Flows. 
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Flows. 
Flows. 
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» Record, U. S. GeoL Surv., 17tli Ann. Rt-pt., part 2, pp. 441-50. 

« Analysis, U. 8. Geol. Surv., 21st Ann. Kept., 1899-1900, part 4, p. 570. 

>Ibid., pp. 568,571. 

« Ibid., p. 573. 

»Rec<ird, U. S. Geol. Surv., 17th Ann. Rept., i>art2, p. 22. 

•Ibid., p. 28. 

'Ibid., pi. 84. 

• Record, U. S. Geol. Surv., 18th Ann. Rept., part 4, p. 579. 

• Record, U. S. Geol. Surv. . 17th Ann. Rept., part 2, pi. T6. 
>nbid.,pp.47-W. 

"Record, U.S. GeoL Sarv.,18th Ann. Rept., 1807, paxt 4,pp.SJft-5A&. 
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SOUTH DAKOTA— Continued. 
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ATIONS RELATING TO DEEP BORINGS IN SOUTH DAKOTA. 

on Irrigation, '^2d Con^n^ees, 1st session. Senate Ex. Doc. No. 41. part '2, 

, Washington. 1898. 

Inary Report on the Artesian Waters of a Portion of the Dakotas. liy N. H. 

Jnited States G^eological Survey. Seventeenth Annual Re]x>rt, 1S95-06, 

). 609-694, Washington. 1896. 

evelopment in Well Boring and Irrigation in South Dakota, by N. XL 

Jnited States G^eological Survey, Eighteenth Annual Rei)ortB, 189(V-U7, 

). 567-61"), Washington. 1897. 

y and Water Resources of a i)ortion of Eastern South Dakota. )>y .1. E. 

aited States Oeological Survt*y. Water-Supply anil Irrigation Papers, 

[ pages, plates and maps, Washington. 19<X). 
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Union(?).- 
Lawrence.. 

do 

Cheatham 

Knox 

Shelby 

do 



12 



S-«l 



Morgan 
Hardin . 



I Coffee 



KiO 

700 



LfiO 100 



3«V^ 



Many, i FIowh. 



Pro«i)oct well; uu- 
.snrcoHsful. 

Abandonod. 
Three oil wella 
Oil well. 

Do. 

Do. 

I Oil wells: several 
others in Scott 
County. 
For oil; unsucfesM- 

ful. 
Oil well. 
For oil or gas. 
For ga.s; not in nso. 
rnauccessful. 
Temp. 57''. 
Several wellH. 

Several wells for oil; 

almiidoned. 
S«?vt»ral wells for oil. 
Sulphur; temp. 4r>«>; 

lH)red in 1890. 
Oil well. 



> Record. U. S. Qeol. Surv., 17th Annual Report, 1890. part 2. pp. 53.68. 
'TenneHseo, Conimr Ag. Rept., Oil Region. 1877, ppi 64,73. 
'U. S. Geol. Surv., ITth Ann. Rept., IK95-96. part H. pp. WW-TQO. 
^Tennessee. State Board of Health, Bulletin, Yo\.&^ \»)0, W«^^^>^ 
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TEXAS. 



1 
Liocation. 

1 


Ck)unty. 


Depth. 


Diam- 
eter. 

Inches. 


Yield Height 
uer of 
mfnut<\ water. 


Remario. 


1 
Ab)x>tt (U mileH N.).' 


Hill 


Feet. 
4KS 
486 
2.ri(J0 


(inllon: 
20 
Several. 


Feet. 
-160 
-188 




Do 1 

Abilene ' 


do 

Taylor ) 

Sharkelford.l 
Galveston . . . 

Johnson 

Brazoria 

Hills 




Albany 


4a) 
875-950 

l.TiOO 

run 


9 


Few. 
310 

to" 

Few. 
Several. 
Few. 






Alta Loma 

Alvarado ' 

Alrin (4 miles north) | 


22 

Flows. 


Numerous 
Temp. 75«»-7S 


Aqniila ' 


GOO 


Flows. 
Flows. 
-50 
No flow. 




Do 

Archer City 

Do.» 


do 

Archer 

.... do 

do 

Fort Bend . . . 

Denton 

Tarrant. 

Bexar 

Travis 

do 

do 

do 


800 
.'iSO 


6 


Alkali water. 


Do 






Salt water onl 


Areola 

Arfl[yle (1| inilos cast) 
Arlington 


f9lO 

500 

1,480 

era 
2.oeo 

1.280 

i.aio 

471 

700 

2,(K5 

1.975 

2,063 

1,280 

400 

800 

»n 

415 

-1-900 

-fSOO 

700 

ti02i 

900-1,200 

700 




aoo 


Flows. 
Flows. 


Soft water. 




21 


Strong mi 
water. 


i 
Aul« 


-4 

Flows. 


Austin (Fifth and 

Jacinto streets).' 
Austin (asylum ) ' 




175 




Austin (po<>rhou.so) . . ' 
Austin 


10-^ 
7-6 


5 

5 

5 

14 

175 

4-104 


No flow. 




Do 


. do 






Austin (East Fifth 

street). 
Austin (Natato- 

rium) *. 
Austin (Asylum) < . . . 
Austin* ••.... 


do 

Travis 

do 

do 


Flows. 

Flows. 

+40 
-5 


In progres 
sulphur wmt 

Main flow a 
feet; temp. 


Do 


...do 






Austin (near) 


Kinney 

Milan 

do 

Callahan 

Bastrop 

Ward 

Za valla 

Tarrant 

Montague . . . 

Bell 






Several wells. 


Baileyville 






Failure. 


Baileyville (3 miles 


1 


No flow. 


Water very s 
Abandoned . 


west). 
Baird 


8 




Bastrop 






No water. 


Barstow 


1 


No flow. 

-300 

Flows. 




Batesville 








Bedford (2 miles S. ) . . 






Soft water. 


Belchervillc 




70 


Flow. 
Flows. 


Three wells: 


Belton (9 miles W.).. 


water. 


Belton (10 miles 8E.)- 
Belton (2 miles NE.). 


do 

do 

do 

do 

do., 


1,800 
1,000 




Many. 


Flows. 
Flows. 
Flows. 




Bolton (19 miles W.). 


5:30 

772 

976 

1.060 

1,000 

608 

406 
486 
420 

532 
1.176 
-1-400 
-1-400 
1,500 
700 
600 

981 
976 
404 

485 








Belton (9 miles SW.). 
Belton * 


4' 


70 
173.6 


Flows. 

FIOWR. 


Sfjft water. 


Belton ( 1 mile S W. ) . . 


do 


347 ! Flows. 


Do. 


Bolton (ImiloS.) 


do 




Flows. 




Bisr Sprinir 


Howard 

Tarrant 

do 

do 

Hill 


7 




Salt water 


Birdville 




No flow. 


feet; aband 
Soft water. 


BirdvUledmileN.)- 






-20 
Flowed 
once. 

-200 
Flows. 


Do, 


Birdvillo (one-half 

mile from). 
Blum (4^ miles E.).. 




Many. 




Bolivar 


Denton 

Fannin 

do 








Bonham 








Do 










Do 


do 

Montague 

do 

Ellis 








No water. 


Bowie 

Bowie (one-half mile 






-160 




west). 
Boyce (IJ miles weHt) 




1* 


Flows. 
Flows. 


Soft water. 


Do 


do 


Do. 


Brackottvillo (7 


Kinney 

Tarrant 

Milan 




i^cvpral. 




miles from).' 
Brambleton 


1 


-130 


Do. 


Branohvillo (4 miles 


. 1 .. 


Flows. 




east). 
Do 


do 


700 
1.400 


1 


-6 




Breckcnridge 


Stephens 




Failure. 



» Record, 5l8t Congress, Ist session, Senate Ex. Doc. No. 222, p. 282, Washington, IWa 
'Record, U. S. Geol. Snrv.,18th Ann. Rept., 1896-97, Part II, p. 272, Washington, 1898. 
» Ibid., pp. 280-283. 

« U. 8. Geol. Surv., 18th Ann. Rept.. 1896-97, Part II, pp. 280, au, Washington, 1898. 
» Record, Artesian waters of Texas west of the 97th meridian, bv R. T. Hill, 6»d Congi 
session. Senate Ex. Doc. No. 41. part 3, p. 116, Washington, 1893. 
• Record, U. 8. Geol. Surv., 18th Ann. ReptM 189(J-97, part 2, p. 278, Washington, 1808. 
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mSXAB—CcBtiaurMi. 









.' Oil lurii 



IW Fluvit. duttwi 



1&, 



3S T«Iip.7«'. 



-31 l£. 



. So6<nr. 

■I1J-. (Xollow. 

-ai 



1. TeiBBOeol. Hurv..4th A 



':^J 


ffc 




'.'.'.."-- 'm 


nowB. 












to -IS 


M«ij. 


--^' 


'n-y- 


-ST« 


Flows. 






;;::;;: ""1, 




Flow*, 


". " 




■,iP^-,S'~ 


ii.aw.WiiB 



Svv. nl wpILb. 
Ssvcnil wpUs 1 



'■""£' 
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DEEP BORINGS IN THE UNITED STATES, PART II. 



TEXA 8— Continued. 



Location. 



Coperan Ck)ve . . . . 

Coi>eraB Goto 

miles north). 

CoperasCove 

Cornhill 

Corpna Christi . . . 



(4 



County. 



Depth. ^^ 



CorvcU 



.. do 

Williamson 

Xucicet) 

...do 



Do I do ... 

Do do... 

Coniicana Navarro 

Coniicana (3 milos I do... 

west). 
Corsicana do... 

Do do... 

Do do... 



1.865 

500 

1,875 
404 



1,765 

525 

560 



Do 

Do 

Do 

Do 

Corsicana (3 

west). ' 

Coryell (3 miles east) Coryell. 
Cotulla* Lasalle. 



do 

do 

do 

do 

miles do 



Do 
Do 
Do 
Do 



Cotulla (8 miles S.) .. 
Crawford (4 miles 
west). 

Do 

Do 



do 
do 
do 
do 



do 

McLennan 



do 
do 



Do do 

Crockett I Houston... 

Crowley i Tarrant 

Crowley (3 miles , do 

northwest). 
Crowley (7 miles do 

southwest). I 
Crowley (2 miles ' do 

from). 

Cyrus (1 mile oast) .. Bosque 

Dallas ( 1 mile east) . . ! Dallas 

Dallas (6 miles west- do 

northwest). 

Dallas ' do 

Do do 

Do I do 

Dallas (City Park)... do 

Dallas do 

Dallas ( I milo south ) do 

Dallas (6 miles west- do 

northwest). 

Davenport Guadalupe 

Del Rio^ ... Valverde . . 

Del Rio (m miles N.) do 

Del Rio (3 miles S.) do 

Denison ( I mile 8. ) ' - Grayson . . . 
Denton Denton 



Do 
Do 
Do 
Do 
Do 



do 
do 
do 
do 
do 



Derby Frio 

Dickiiiwjii * Galveston 

Do do 

Dickinson (3 miles W.) do 

Dickinson (one- . ...do 

fourth milo west ) . 
Dryden PtM'os -.^. . 



:S.500 

2,477 

1.000-1,200 

2.483 

2,160 
2,487 
2,500 
1,095 

2,aoo 

940 
825 

1,010 
852 
800 

1,008 

600 
1,000 

1,040 
945 

1,060 
630 
486 
446 

4:10 

484 

1,000 

850 

+4<XJ 

790-1,000 

718 

7(m 

672 

±2,600 

H50 

810 

7m 

475 
460 
1,800 
460 
560 
600 
620 
600 
606 
640 
600 
624 
700 

r>88 

1.797 



lnvhe». 



Yield 

per 

minute. 

(iaUon*. 



Many. 



50 

aoo 

100 



208 

208 
Many. 
+194.4 



Heisht 
water. 



Ftet. 
-100 
No flow. 

-475 
—282 



Many. 



&-3 



2* 



ii 



55.5 



2 

Many. 



31 

31 
140 

50 

Many. 

3 



-50 
Flows. 



Plows. 
+6 

-100 



Many. 

70 

Many. 

Many. 




-190 

No flow. 

-150 

No flow. 

-134 

Flows. 

Flow. 

Flows. 

Flow 8. 
Flows. 
Flows. 
Flows. 



Bemarka 



Brackish wat« 
Salty water. 



Mineral wa 
about eOO fee 



; Sereral wells. 

Many oil well; 

+150 1 Water, Ras. a 

' temp. 126". 
I OU at 1,100 fee 



+85 I Temp. ia6» F. 
Oil well. 



Soft water. 
Bad water. 



Do. 
Temp. 86* F. 
line-saline ^ 
Bad water. 
Soft water. 

Do. 
Temp. 72» F 

wella 
Soft water. 

Soft water. 
Do. 

Do. 

Do. 

Two wells. 



Numerous wc 
Much soda in 



Flow. I Two wells. 
Flews. , 



-180 

-60 

-300 

Flows. 



3 
3 



ti-\ 



Few. 

8 

28 

Many 

14 

40 

34.7 



18 



+16 
+20 



Flows. 
Flows. 
Flows. 
-35 
Flows. 
Flows. 
Flows. 
Flows. 

-600 



Gk)od water. 
Mineral watei 

Sulphur wate 
Abandoned. 



* Texas, Geol. Surv.. 3cl Ann. Ropt., 1891, p. '.I. Analyses, 'ilat Conifress, 1st session. Sen 
Doc. No. 222, p 272, Washington. 1890. 

*US.Geol. Surv., 18th Ann. Ropt., 1896-97, Part 11, pp 265.299, Washington. 1888. 

•Record, ibid.. 21st Annual Report, 1899-19(K), part 7, p. 197, Washington, 1901. 
^ * Analysis, Texas Geol. Surv., 4th Ann. Ropt , 1892. p. i04. 
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TEXAS— ContixiTied. 



cation. 


Ck>nnt7. 


1 
Depth. 


Diame-i Yield 
^^' minute. 


Heiffht 
water. 


Remarks. 




Pecos 

Erath 

El Paso 

DaUas 

Maverick ... 
do 


Feet. 
590 
400 
680 
417 

1.508 
400 
500 

1.300 


Inche: 


GailotiM. 
Many. 


Feet. 
-539 

-8 




S8> 




"*806 


' No water. 

+35 Soft water. 








Abandoned. 
Abandoned. 
Salt water 


9 


Eastland 

do 


1 






rt 




No flow. 




.... do 


400 .... 




Flows. 
Flows. 


Mineral water 




Concho 

do 


9H7 7 


Salty water. 
Oily water; aban- 
doned. 
Soft water. 




800 

1,56ft 

800 








McLennan . . . 
El Paso 


. • • . .... 


208 


Flnwn 


NW.of) 


I 
.........t 


In granite; no water. 


OmilesNE.)' do 


621 
9U) 
442 
430 
460 
970 
780 
529 






-215 

-200 
-142 
-60 
-90 
Flow. 
Flows. 
Flows. 
Flows. 
Flows. 

Flows. 

Flows. 




Webb 

Tarrant 

.... do 






Good water. 










nile west)... 




5 
Many. 




nileeNE.) .. 


.... do 

Dallas 

Bosane 


Soft water. 
Soft water. 






34 

3t) 






.....do 

do 

...do 

Galveston — 
McLennan . . . 
Ellis 


475 




Do. 


(three- 
mile north) 
(one fourth 

3«t). 

M 


460 
430 
575 


3 


10 

68 

50 
10 
89 


Do. 

Tftmn TKJO 


liles south) . 


1,065 1 

1,360 

1,(K0 8 


Flows. ' 
Flows. 




El Paso 


. ... 1 BAd wAtAr At. nSM f nAt ! 




Ellis 


400 
403 






abandoned. 
No water. 


s Station 




U MAnv. 


-130 


rth« 


Tarrant 






' 








do 


484 
450 
465 






-50 






do 

do 












30 
140 


Flows. 






do. 


a5rM,400 ioti)4 


Flow. ^^vArAl trnllA 




do 


4,000 

760 
1,200 

480 

534 

+400 

735 
442 

1,200 
500 
618 
585 
548 
h 1.250 
850 
480 
406 
632 
700 
850 

3,070 

1,346 






No flow Ijelow 1,200 
feot: temp. 140o at 
3,250 feet. 

Soft water. 
SAltv wAt«r. 




do 








rth (3 miles 


do 

do 

...do 

...do 

Bosque 

Comn 

Robertson . . . 

Johnson 

do 

...do 

.... do 

Cooke 

do.. 

....do 








■th (10 miles 


4i 


+208 




rth (12 miles 


-450 


ASt). 

rth (7 miles 






\\ miles N.)- 
't (2 miles 




12:j 


Flows. 

-50 


-est). 






1 

No flow. ' 


1 (2 miles S.). 
. (2k miles S. ) 
KUmilesS.) 
di miles W.) 
He 




15 

18 
65 
12 


Flows. Soft water. 
Flows. 

Flows. 1 Good water. 
Flows. Soft water. 
— 40 In projn*esfl. 







243 


-10 

— 40 1 




do 




"m 


Noflnw 1 




do 


Many. — 7 




do 




30 




do 


"22^" 


6 


n^ 


Galveston — 
do 


Many. Flows. Brackish wat«r at 




' various depths to 
lx)tt-om. 
400 1 FlowH. Halty water. 



d. 51st Congress, Ist session, Senato Ex. Doc. No. 222, p. 26fi, WaHhington, 1890. 

pp. 268, 260. 

d. olst Congress. 1st session. Senate Ex. Doc. No. 222, p. 297, Washington, 1890. 

sis. Texas* Oeol. Surv., 4th Ann. Rept., 18J»2. p. 1(J2. 

sis. 5l8t (>)ngres8, 1st fjcssion. Senate Ex. Do<r. No. 222. p. 272. Washington. 1890. 

d. Artesian Waters of Texas west of 97th meridian, by K. T. Hill,52d ConiTress, 1st session. 

X. Doc. No. 41, Part 3, pp. 105-1(M», Washingtcn. 18t«. 

first Congress. 1st session. Senate Ex. Doc. No. 222, p. 270. Washington. 1890. 

ds, analysis, etc., Texas Geol. Surv.. 4th Ann. Rept ,\i«»Si,pv.>».1-\Q\.\ \3.^.QtwJv.^^aN«^., 

lal Report, 2890-19(X), part 7, pp. Hii 40ti, Washington, 1«>1. -- 



DEBP B0BIM08 IN THE UWITKD »TATZ8, FAST H. 
TEXAS— OjntiDned. 



LocBthn. 


County. 


D«*h. 


Dbmo- 
Mr. 

Indkca. 



° 


Ylrfd 


X 


Banvta 






sutBTa 
i.aui 

'15 

hi: 

aari 

i 

l.UD 

,.5 

IBS 

4M 

tn 
4i: 

S80 

MB 

i.nu 

3. ON 
«U 

uo-uu 


Kur. 

SCO 

sso 

IIS 


F>tt. 
Flow. 

Flowa- 

Flow. 




OklT»ton IS) mll« 


.a 


Tr-a„ 








NoSaW. 












OftlMvllle {i mllM du 

■oatbout). 


■:.; 


Hur. 


Flow.. 




aSsiiito'"^' 


JobDKID 


Noflciw. 


Do. 










UK 




~X0 

+ « 

-H 13 






«.^ 


Flowaat«M>.> 
aodmdtoi 

Salt water « 






-Be 


lifsS- 


niltoiiortJi»«t). 


Hamilton.... 
Twmnl 

Itartlej- 

Tarrant"!;; I 


Flo„ 


Da 






















13-Tl 


Few'. 






IW. 












^MtlStaUuME.). 




a 




Do 


i 




Fl hJ''' I 








Da. 

Tomp.wr,. 
Hottwat«-. 
Wa.m at Sin 
and MVI rem 


Hurne a« m[leH~ 


:::;;S:::::::: 


4£0-TIM 

aou-700 
iw 
i,:nn 

1.3UI 

Tin 

1:S 

TID 
TM 

IS 

Lew 
i,Rin 
i.rni 

|:S 

'4in 

SM 

SWorlww, 

WW 


3 

is' 


»Iol<l 


+ 1U-+W 

fiSwb: 




iSB*::::-: 






-IKI 1 












34,- 












Pallnre. 
Tom p. 17"; 




Galvcaton .. 


;;;;:;- 


inii 

Many 
Many, 




Bitcbcofik HI mil<-» 

"■g?"":"-. 


Flow*. 

PIotTfl. 

Nodow- 










StK|na n.ln« 


















«-lty wat^ri 










M^jna ...... 

HarriB 








^fc;;:::::::::::; 


i 


131 


Flnwn! 




































43 




Ti^mp, T0». 


^SSd- 





■ Analyaes, ete., Teua U«ol. Snrv., 4th Ann. RpL. IHKi, pp. I<e-1IB. 
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TEXAS- Ck>ntinned. 



Location. 


County. 


Depth. 


Diame- 
ter. 


Yield 
minute. 


Height 
water. 


Remarks. 

1 


o 


El Paso 

do ._ 


Fe€i. 
431 


lnche». 


Gcdlontt. 


Fevt. 


1 

; Bad water; aban- 
1 donod. 
Bad water. 


ft(9nt«n^tJNR) 


572 
600 

2.210 
500 

1.44K) 


3i 

9-3 


Many. 

50 

Many. 




ble *- 1 Harris 

aville : Walker 


Flows. 
-100 


Fresh water. 




Ellis . .. 




i - 10 


Soft water 


a _ 


Hills 


1,680 


t 




Flows. 
+ 35 




•o 


do 




160 




rson - 


Marion 

Johnson 

do 

KanfmAn _. . 


«I12 1 


Few. 


Flows. : Sulphur water. 
No flow. ' 8<")f £ water. 


la (3 milee west) 


525 




ia(6mileBNW.) 


424 

450 
600 
1,800 
400 
750 
400 
457 
430 
700 

1,325 

1,100 

6on 

550-630 

400 
600 
625 
609 
525 
450 






-189 


man ... 








Failure. 


TiiAn(iinileNW )' dn 








D). 


nes Kaamej* -. 








Do. 


hi 

.e ............. 


! Jack 

Johnson . . 




«»o 


'400 
-:jOO 


Soft water. 
Do. 


tr ...... ...... 


Tarrant 

do 








1 

No water belew 90 
feet; abandoned. 


►o 





50 


-50 


►o.» 


do 


t 


Liberty 

Kerr 








ville 






li> 


ville (9i m i 1 e B 

theastj.' 

en 


do .. 

Bell 




Several. 


feet. 
--55 Granite below 180 

feet. 
-61) 


)all 


Bosque 

"'"dn' *""* 






Flow. Several wells. 


)all(6milesweet) 
lerl 




60 

800 
150 
200 


+21 > Soft water. 
Flows. 


•orl ( I mile east) 1 do 

>erl do 

ierl(3i miles W.> -do 


Flows. 
Flows. 


Do. 
Slightly brackish. 


ifrl 


do 


Flowft. 
No flow. 




a(2fmile88oath) 


Denton 

Fannin 


1 




oia 


1 




o 


do 


1,033 
1.057 
470 
Ht) 
600 
621 
454 
440 
1,200 
400 

5or) 

683 
1,495 

760 
1,495 

770 
1,300 

2.220 

1,200 

3.350 

1,000 

1,004 

1.356 

!,«» 

470 

991 

490 

1,860 
1,100 

1,175 

450-580 

850 
875 


1 




Never completed. 
Soft water. 


aster 


Dallas 

Hamilton 

do 


1 


Flows. 


Km -,. 


1 




Abandoned. 


o 








Do. 


o 


do 










ria» 


Mesa 






- 215 




rte 


Harris . 


3 
3 


41 
80 

Many. 


Flows. 

Flows. 

No flow. 

-100 

-f2 




o 

io 

Qon 

) (9 milee BE). 

fellow 


do 

Webb 

Collin 

Llano 

Pecos 


(^^oal nrnATMvt! nlian- 


8 

7ii 


20 


■ _ «—--■- — » — 
' doned. 

Nnflrjn' 


oa 


McLennan . . . 

do 

dft 


Many. Flows. ! Soft water. 

Few. Flow». Salt water. 

Many. Flows. Suft. wii.t.»*r. 


3a (5 miles west) 
la 


»r : Pecos 

in AnflrelinA. 


Few. No flow. 


No water; a ban- 


»r< 


Travis 

Tarrant 

Falls 





(!U 4 :Jo 


doned. 


ae(i mileNE.). 
in 


TAU Flows. Temi).7M'*: soft water. 
110 +:tii '. Tomn. 147^. 


ball 


Harrison 

Bachel 

Milam 

McLennan... 
do 




N«»flow. 1 


mSprlniCB 

field. 


9Mi 

4 


Several. 
Many. 
i:{9 




Not in use. 


-10 
Flows. 




resror 


Soft water. 


o 




o .... 


..do ... 




;W8 
Many. 

21 




-egor (5 miles 

Jt.) 

nnev 

j*dvule (near),. 


do 

CoUin 

Brown 

Menard 

Bosqne 

....do 

do 


-11 

-70 


Do. 

Soft water. 

Found water.etcbut 


rdviUe 








well now caved in. 

Oil boring unsuccess- 
ful. 

Several wells: soft 


lian 




25-45 
10 


Flow. 
Flows. 


lian( 10 miles E.) 
lian (12 miles E.) 


water. 
Soft water. 



word. Artesian waters of Texas west of 97th meridian, by R. T. Hill, 52d Congress, 1st scs- 
Senate Ex. Doc. No. 41, Part '^ p. KU, Washington, \\m. 
8. Oeol. 8urv., 18th Ann. Rept., 18iw'.-97. Part 11, p. 271, Washington, 1898. 
«ord, 5l8t Congress, Ist session. Senate Ex. Doc. 222, p. 297. 
icord, U. 8. Geol. Snrv., 18th Ann. Rept., 1886-97, Part 2, pp. 285-286, Washington, 1898. 
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Location. 




Merkel Taylor.. 

Miami i Roberts. 



Midlothian , EIIIh 

MUford do 

Mineola» Wood 

Moody McLennan 

Do I do 



Do... 
Morgan* 



Morgan (1 mile SE.) 

Morgan 

Morgan (5 miles east) 
Morgan ( 12 miles E. ) . 

Morris Ranch * 

Moand(2milesNE.). 

Mountain Peak (} 

mile southwest). 

Mumford 

Myers 

Do 

Myrtle Springs 

Navasota* 



Gillespie 
Coryell. . 
Ellis 



Robertnon 
Burlenon . . 

.... do 

Van Zand! 
Grimes ... 



Navasota( 16 miles N.) do 

NewUn Station ' Hall . . 



Neri (2 miles south) . 

Newark 

New Boston 

Norse (4 miles SW. ) . 

North Galveston 

Oak Grove (1 mile S.) 

Ocee ( 1 mile east) 

Odessa 

Oglesby (2i miles 
northwest-west).* 
Orphans' Home Sta- 
tion (2 miles SE). 
Orphans' Home Sta- 
tion. 

Palestine 

Palestine (U miles) . 
Palmer 

Do 

Do 

Panhandle CMty 

Paris . 

Do 

Park Springs 

Pearsall 

Do 

Do 

Do 

Pearnall ( 15 miles E. ) 
Pcarsall(2()mil<'sSE. > 

Pecaiigro vu 

Pecos " 

Do 

Do 

Do 

Pecos ( 4 miles W. ) 

Pierce Station 

Pilotpoint 

Pilot )K)int (,8 miles 

north w(»8t). 
Port Arthur 



Hood 

Wine 

Bowie 

B<wque 

Galveston 
Tarrant. .. 
McLennan . 

Ector 

Coryell ... 



Dallas 



Anderson 

do 
Ellis. 

do 

do 

Cars<»n ... 
Lamar . . . 

do... 

Wise 

Prio 

... do... 

do .. 

.. .i\(y .. 

do ... 

do ... 

Coryell .. 
Pecos .... 

do. .. 

do... 

do. .. 

RcCVCH .. 

Wharton. 
Denton .. 
Cooke 



Jefferson 



Pottsboro (7 miles Grayson 

west). 
Prosper Collin . . 



Depth. 



Diam- 
eter. 



Yield 

per 

minute. 



Heiffht 
water. 



Fert. Jnckei. OcMons. 

-f-2.(jrc '■ , 

-5U0 , 




2,018 

i,aiK) 1 

l.MW I 
1.3UU I 



tt-3 



60 



him , 

600 ; 100 

58iMia» I i ao-ifio 



575 
800 
78(» 
501 
1,100 
607 
435 

30(^1.001) 
440 
860 
650 
83fJ 

WU 
550 

415 

410 
1,300 

♦y22 
575-1.500 

500 
l.(Ki8 

8;«) 

500 

685 

l.SK) 

654 > 

444 

1,154 

1.154 

1.17H 

600 

444 

i.;i5o 

400 

tm 

400 
ti50 
620 



170 
60 
40 

100 



., Many. 



, 2-12 

12 2 

4 2 30 



6 



Ifany. 



H 



6 

8 



70 each. 
160 



6 
8-6 



6 



20 

Few. 
121 

+ 9 



Feet. 



-200 

Plows. 

-40 

No flow. 

No flow 

now. 

-16 

Plows. 

Flow. 

Plows. 

Flows. 

Flows. 

Flows. 
-66 
-5 

No flow. 



+20 



To sur- 
face. 
Flows. 



No flow. 

+14 

-75 

No flow. 

Flow. 

-72 

Flows. 



K3 



Many. 

Many. 
15 
30 
:«) 



5110 

6h;j 

W7 

1.707 

770 

400 

m) or mi 

426 



20 

28 
16 
16 



No flow. 

No flow. 

—40 

-200 

No flow. 

Flows. 

Flows. 

Flows. 



-5 

-60 

Flows. 

Flows. 

Flows. 

-20 

Flow. 



Flows. 



iNoflow. 



V 



or. 



1 



i SOO ■ 5 

1 

i.500 ; I Muny. 



Flows. 
Flows. 



47t» 1 i Mauv. Noflow. 



Remark 



Several w e 
county. 

Mineral wata 

Soft water. 



Soft water. 
Several well 

water. 
Soft water. 



Mineral watt 
Soft water. 

Several well 
Temp. eO°. 
Temp. 90*. 
Unsuocessfu 



Pour layers 
water: abf 
Soft water. 
Temp., «5«. 

Soft water. 
Several well 
Soft water. 

Do. 
Abandoned. 
Soft water. 

Very salty \ 

Mineral wat 



Several well 
Soft water. 

Do. 

Do. 
Unsuccessfn 
Abandoned. 



Several well 



Good water. 
Do. 



Soft water. 
Do. 

Mineral 

temp. S0°. 
Pure water. 

Soft water. 



* (t<»o1. Surv. of Texas ( Report on the Brown coiil and lijjnite of Texas >, pp. 13£^1%, 18 
' Record, 5l8t Congress, 1st session, 8enat«' E.\. DfM-. N«». 222, p. Mi, Washington. 1800. 
» Record, U.S. Geol. Surv., 18th Ann. Rept.. IHjit} ji?, Pnrt II.i».272, Washington, 1888. 

* Record, 51st Congress. Ist session. Senate* Ex. Doc. Nf). 22'2, p. 2)i,>, Washington, 1890. 

* Record, 61st Congress, 1st session. Senate Ex. Dor. No. 222, p. 281}, Washington, 1890. 
•Record, etc., U. S. Oeol. Surv., I8th Ann. Rept., 1896-117, Part II, p. 287, Washioirton, 



DEEP BO&INQS IN THE UNITED STATES, PART II. 57 

9 

TKXA8— Continued, 



.tion. 



mile east ) 



County. 



ColUn... 
Brazoria 
Tarrant. 
do.... 



nileNE.).. 
one-half 
thwent. ) 

QilcsSW.) do 

one-half do , 

th). I 

Refngno 

: do 

do 

miles X ) . . John.son 

mileNE.) do 

milesE.) do 

west) — Denton 

do 

(one-half do 

;h). 

B8 Edwards 

j do 

! Bell 

I Travis 

c Williamson. 

Cherokee... 

Walde 

nilesSE.) . Bell 

<> Tom Green. 

io' Bexar 

do 

! do 

liod mile j do 



to. 



ioOmiles 

t). 

io (3 miles 

io(6niiles 

io (3 miles 



o(2i miles 

it). 

.o 



iO (3 wiles 



.do 
do 
do 

do 

.do 

-do 



...do 
...do 
...do 



.do 

.do 

do 

do 

do 



as. 



8 miles N.) 
ICO* 



ae(3miles 

unction . . 
lilessoath) 
ictlon 



Pecos. 

do 

Hays . 



Depth. 



Yield 
***"*• mimite. 



Diam- 



Feet. 
600 
tfSO 
516 
585 

4SS) 
505 

M63 
056 
1.000 
535 
460 
540 
476 

4oa-auo 
ai5 

4U0 

450 

-hi, 600 

400 

1,400 
«20 
.V» 
\Vi 
ftiO 
822-1, 3fJ0 

1.250 
465 

8:i5 



Inches. (iallonM. 
4 



Heiffht 
water. 



r^et 



Remarka 



-344 Soft water. 



156 



-10 Sulphur water. 
Flows. 



\ Flows. 
4 I Flows, 



101 
104 
347 

' Many. 

.; Many. 



4i>-5i» 



Flows. 

Flows. 

Flows. 

So flow. 

N'oflow. 

-176 

33 

Flows. 

-16 



Many 
Many 



No flow. 
No flow. 
Flow-. 
1 No flow. 
4 



8«»ft wat«»r. 
Do. 



Do. 
Do. 

Several welln. 



Two wellH. 
Di.. 



Aliand(>ne<l. 



:»7 



870 
1.100 

1,900 

1.900 
500 



55-3111 Numerous wells. 



55 



861 



555 



555 



K4 



650-715 ' 50r)-700 

540 ■ 



Grayson 

'.'.'.' AO..V." 

do 

...do 

El Paso 

Sutton 

do 

McLennan. 

Kennoy 

Denton 

Harris 

Fort Bend . 

do 

Brazoria . . . 
Williamson 



630 
750-780 
450 
657 ' 
583 

987 
2,000 
1.490 



915 



1,000 I 

I 

:») 



7« 



-50 

:» ! No flow. 



G 



2.500 I. ' Many. 

(KJO ' 



480 
943 
480 
8(X) 
450 

1.700 

447 ' 

450 i 

6WM,550 

1.550 

1,070 

1,400 



Flows. 



40 



5i, Many. 



No flow. 
No flow. 



3 ' 

8 4 
4 



3 

48 



104 
215 
104 



Flows. 

-1-9 
Flow. 

+9 
Flows. 
Flows. 



Hot sulphur water. 



Wat«r at 1,800 feet. 



Several w**!!**. 
1)*.. 



Do. 
Do. 



No water. 

Waters at 128, 191 , 652, 

1,17S,1,2SM, 1,345, and 

1.475 feet. 

Fine wat<»r. 



Several wi»lls. 

Bad water 
8<»veral wells. 
Oil. 



Failure. 
Soft water. 

Several wells 



», 51st Congress, 1st session. Senate Ex. Doc. No. 222, pp. 365-287, Washinsrton. 1890. 
». etc , U. S. 9eol. Surv., l«th Ann Kept., 1890-97, Part 11., pp. 290-297. Washingtou, 1888. 
U. S. Geol. Surv., 18th Ann. Rept., 1896-97. Part II, p 274, Washington, 1898. 
). 287-290. 
51st CvDgreas, 1st sc'Hsiou, Senate Ex. Doa No. 222, p. 2S)i&^'77asdQ\n.«X.oiL,Wf^. 
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Location. 


('ounty. 


I>epth. 


Diame- 
ter. 

Inches. 

8' 

'.'.['.'.'.'.J 


Yield 

per 

minute. 


Height 
water. 


Bemark 


Taylor 


Williamsom . 
do 


Fvrt. 

2,800 

1.500 

1,8.'jO 

1,800 

2,200, 

725 

900 ' 

900 

1,790 

3,200 

3,050 

475 

576 

1. 200-1,. "iOO 

1.100 

8»4 
514 

4-900 
±4W 

415 
1,472 
1,474 , 
1.464 

8.50 

900 1 
1,150 

512 
1,000 

42«) 
1.280 
1.245 

i.om 

805 
870 

:m 

877 

GOO 
1.100 

(?) 
(?) 
815-9.V) 
1,812-1.862 

1,470 

423 

400 
700 
990 
1,700 
700 

500 
402 
440 
488 
800 
1.690 
1,.'«3 

+800 
1 , 575 

1,0(K) 

4:w 

800 


Gallons. 
27 

15 

Many. 

Few. 

70 

+104 

flOi 

680 


1 

Feet. 

Flow. Two wells 


Do 


1 water. 
+40 Several wells 


Temple (1 mile west) . 


Bell 


Plow. 

Flows. 
-BO 
+16 
+16 
-13 


Temp. 91«. 


... .do 


Terrell » 


Kaufman — 

Galveston ... 

do 


Good water. 


Texas Cfity 




Do 




TheQroTe 


Coryell 

Milan 

.... do 




Thomdale 


No water. 


Do 






Do 


Thurber' 


Erath 

McMuilen 

Tarrant 

Atascosa 

El Paso 

Beeves 

do 


[ 


No flow. 
Flows. 




Tllden 





8 
2i 


Salty water. 


Timber 


Tobey 

Torbert 






. . ...... 

8-6« 

9-3 
12 






Abandoned. 


Toyah 


300 

9 

Few. 


Flows. 
Flows. 


amount < 

water at 09 

Sulphur wat 


Do 




Trinity 


Trinity 

Dallas 

do 


Salty, sulpha 


Trinity Mills (4 miles 


-25 

-26 
Flows. 
Flows. 
Flows. 
Flows. 




cast). 
Do 








Troy 


BeU 


8 

4 

4 
6 




Soft water. 


bo :. 


do 


14 
243 
13Q 

I 




Do 


do 


Do. 


Turtle Bayou 

Do 


Chambers . . . 
do 




Tyler 


Smith 

Uvalde 

do 


In progress. 


Uvalde 


Few. 


-85 
No flow. 
Flows. 




Do 




Valda 


Polk 


4 


45 




Valentine 


Presidio 

Jeflf Davis . . . 

Hidalgo 

Bosque 

do 

d.) 

El Paso 

Brazoria 

Wilbarger. -. 
do . 


No water. 


Do 

Valeo 


5|-C 

8 


Many. 


No flow. 


No water be 


Valley Mill's 




Flows. 
Flows. 

Flows. 

Flows. 

-500 




Valley Mills (5 miles 

north). 
Valley Mills ( 1 mile 

north). 
Valley Mills v5 miles 

north ). 
Van Horn 






Soft water. 






Do. 


5» 

8 




Several well 


Vclasco 


694 


Flows. 1 


Vernon • 






Do 








Vict<»ria 


Victoria 

McLennan . . . 

do 

Coryell 

Chamljers . . . 

Travis 

Ellis 


'"'h-a' 

4t 


7(^-300 
51-t(J0 

.347 


Flow. 
Flow. 

Flows. 

--a5 


Three wells. 


Wa<-o< 

Waco i5 miles west) . 
Waldo (2 miles south) 


Numerous 
Temperatv 

Pure water 
peratare, \ 

Saline water 


Wallisville 




70 




Walters 






Waxahachie 






Flows? 

-15 

-125 

—50 
-250 




Do 


do 






Soft water. 


Waxahachie (6 miles 


do 

Parker 

do 








southwest). 
Weathe rf ord * 








Do... 




69 


Good wat«r. 


Do 


.. do 




Do 


do 






-250 

-160 

Flows. 




Webb 


Tarrant 

McLennan... 
Limestone . . . 

Grayson 

Hill 






Poor water. 


West 


4i 


208 




Wexia . 


Oil or gas i 
abandonee 
water at 5! 


Whitesboro . .. 




No flow. 
+40 
Flows. 
430 


Whitnev 








Do 


do 




la) 




Do 


do 




Wichita Falls (Ij 
miles south). 


Wichita 






Salt water. 











> Record, Artesian waters in Texas west 
session, Senati* Ex Doc. No 41, part 3, p. 99 
' Record, 61st Congress, Ist .•^ssioii. Senat 

• Analysis, Texas Ueol Surv., 4th Ann. Roi)t 

* Record, 5l8t Congress, 1st session. Senate 
Analysis, ibid., p. 271. 

^ Record, 51st Congress, Ist session. Senate Ex 




, 1^92. p 10.') 

Ex Doc No 222, pp 265,269, WashiQgt 

Doc No 222,p t»i,Waahington.l890. 
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TEXAS— Ckmtiiined. 



itioo. 


County. 


Depth. 


Diame- 
ter. 


Yield 
mmate. 


Heiffht 
water. 


Remarkii. 


It 


YanZandt... 
Bell 


1,100 

404 
417 
433 

444 

4t» 
SSBO 


Inches. 


CfcMon*. 
1 


Feet. 
To »ar- 

face. 
Flows. 




ft 






do 


i FIOWK. 




port (li 

St). 

rt (one- 
» north). 


do 

do 

Harris 

do 


i 

1 


FIOWH. 
FIOWM. 


No water: aban- 











doDod. 
Do. 









:iPAL PUBLICATIONS RELATING TO THE UNDERGROUND 

WATERS OF TEXAS. 

t of F. £. Boesler, Division Field Agent for Texas, letter from the Secre- 

igricnltnre transmitting a report on the preliminary investigations to 

le the proper location of artesian wells within the area of the 07th merid- 

3ast of the foothills of the Rocky Mountains, 51st Congress, 1st session, 

bL Doc. No. 222, pp. 243-319, Washington, 1890. 

t of E. T. Domble on the existence of artesian waters west of the 97th 

i, etc., 5l8t Cong^ress, 1st session, Senate Ex. Doc. No. 222, pp. 99-102, 

jton, 1890. 

linary reports on the artesian wells of the Gnlf Coastal Slope, ))y J. A. 

Texas Geological Survey, 4th Annual Report, 1892, pp. 85-113, Austin, 

B occurience of artesian and other underground waters in Texas, etc., 
the 97th meridian, by R. T. Hill, Report on Irrigation, 52d Congress, 1st 
Senate Ex. Doc. No. 41, jMurt 3 (Final G^logical Reports), pp. 41-166, 
l^ashington, 1893. 

ty of the Edwards Plateau and Rio Grande Plain adjacent to Austin and 
onio, Tex., with reference to the occurrence of underground waters, by 
r. Hill and T. Wayland Vaughan, United States Geological Survey, 
ith Annual Report, 1896-1897, part 2, pp. 193-321 and plates, Washington, 

iphy and geology of the Black and Grand prairies, Texas, with detailed 
ons of the Cretaceous formations and special reference to artesian waters, 
rt T. Hill, United States Geological Survey, Twenty-first Annual Report, 
), part 7, pp. 1-649, Washington, 1901. 

UTAH. 



fttion. 



a miles 
west). 



1 

City 



> City (12 

rth). 

I 



County. 



Davis 
do 



do.... 

Iron 

Salt Lake 
do.... 



Cache 



Depth. 



Feet. 
400 
580 

500 
412 

550 

1.1(6 

."501^750 

410 



Dtamo- View < Height 
' minute, water. 



Inches. 


Gallons. 
4-60 


Feet. 


--- 




44-li 


Few. 




* 2 




8 


500 
350 




8 










3 





Remarks. 



No water. 
Cool water. 
Several wells. 



* Record, etc., Texiis Ueol. Surv., 4th Ann. Rpt., ItWS, y.lUft. 
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Location. 



Spanish Fork .... 

Do 

Do 

Do :. 

Rulpbnr HprinRS. 
Vernal 

Do 



County. 



Utah. 
....do 

do 

....do 



UinU 
do 



Depth. 



Feet. 



420 
400 
400 
410 
660 
075 
900 



Diam- 
eter. 


Yield 

per 

minute. 


Height 

of 
water. 


Inches. 

4 


Gallon*. 
no 


Feet. 


2 5 




2 


70 
40 




2 






No flow. 






8 













Remarka 



Abandoned. 
Surface water 



VIRGINIA. 



Alexandria (brew- 
ery). 

Alexandria (ice 
works). 

Allisonia 

Biaerldge Springs . . . 

Buckroe Beach 

Claybank 

Ck>tman 

Covington 

Crewe 

Delton 

Ditcbley 

Dublin 

Dymer Creek* 



Pairport* .... 
Fort Monroe * 



Do.« 

Foster Falls 

Harrisonburg 

Qloucester 

Lamberts Point * 

Lancaster 

Middlebrook 

Newport News 

Norfolk (Money 

Point). 
Norfolk (water 

works).' 
Nortbend Point ' . . 



Oak Springs. 

Pulaski 

Do 

Reedville.... 



Alexandria 
do 



Pulaski 

Botetourt.... 



Qloucester 

Henrico 

Alleghany . 
Nottoway . 
Pulaski .... 



Pulaski 

Northum- 
berland. 

do 

Elizabeth 
City. 



do 

Wythe 

Rockingham. 
Qloucester. . . 

Norfolk 

Lancaster ... 

Augusta 

Warwick 

Norfolk 



..do 



Richmond (paper 
miU). 

Richmond (Sher- 
wood Park). 

Richmond (G inter 
Farm). 

Roanoke 

Roanea " 

Stanardsville 

Staunton (asylum) .. 

Staunton ( mne east ) . 

Sandy Point* 



Stonega 

Toms Creek . ... 
Williainsburir .. 
Wludraill Point 



Elizabeth 
City. 



Pulaski 

-...do 

North um- 

berland. 
Henrico 

do 

do 

Roanoke 

Gloucester... 

Greene 

Augusta 

do 

Fairfax 

Wise 



James City 
Lancaster . 



430 

401 

40D-l,a00 
500 

4-400 
638 
730 

1.138 
600 

4-400 
680 
476 
607 

662 



946 

808 
420 
600 
616 
4-4<)() 
460 
600 
562 

1,760 

1,172 

400 

400-400 

1.200 

680 

400 

900 

400 

1,200 
716 

1,150 
606 
460 
560 

503 



876 
450 



8 



90 
20 



6 



75 



1 Several. 
40 
400 
Few. 
iNotany 

6 25 



8-^ 



75 



l»-4i 



1 
6 



8-6 



6 
6 



5 
5 



8 
6 



100 
Not an 



^ 



10 
Few. 
Many. 

150 

Not any 

Several. 
100 



85 
Several, 
Not any 
Many. 

50 



Flows. 
No flow. 



Flow. 

Flows. 

-HO 



Flows. 



Flows. 
-2 

-10 



4- 7 
No flow. 

- 50 
No flow. 
Flows. 

Flows. 



Flows. 
-10 



+ 3 



I 



- 4 

+2P4- 



60 , -60 

9 I -30 

Many. iNoflow. 
I 
55 i -16 

lU) I No flow. 
Not any do... 



Several wells. 

In granite. 
Abandoned. 



DHlled in 1864 
water flowei 
feet. 

Saline water. 



Ferruginous ' 

Saline waters 
eral horizoi 



Several wells 
Temp. 78*. 



Not in use. 
For oil. No e 



Water at 270 fe 
below. 



Abandoned. 



X 731-736; Am. Inst. 



' R<'(ord. U. S Geol.Surv.. Bull. No. i;». p. 176. 

2 New JoFHey Geol. Snrv.. Report for 1898. pp. 121-122. 

3 Reconl. Geology of the Virgmias, by W. B. Rogers, Now York. 1884. 
Engineers Trans. . vol. 24, pp. 380-384: U. S. Geol. Surv.. Bull. No. i;W, p. 

* Ke<!ord. et<!., New Jersey Geol. Surv., Report for 1898. pp. 122-126. 
'^ Record, U S. (4eol. Surv., Bull. No. 138,p. 172; New Jersey Geol. Surv.. Report for 1899, p 

* Ro<ord, etc.. New Jersey Geol. Surv., Report for lH9t», pp. 92-102. 
' Record, Am lust. MiningEng., Trans., vol. 24. pp. SH^-^^ti. 

" New Jersey Geol Surv., Report for 1899. pp. 86-87. 

* Record, U. S. Geol. Surv., Bull. No. 138, p. I48. 
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PRINCIPAL PUBLICATION RELATING TO DEEP WELLS IN 

VIRGINIA. 



Arteeiftn Well Prospects in the Atlantic Coastal Plain Region, by N. H. Darton, 
- TJnited States Qeological Snrrey. Bulletin No. 138, 232 pages, 19 plates, Washing- 

,1896. 

WASniNGTOX. 



Location. 



Junction City . . 
^OTth Yakima > 
Do 



Do 

Do 

Do 

I**8C0' 

^ Do 

gort Blakely 

grower 

^prt Discovery 

g«elyn 

**ort Discovery (4 
^^ miles northeast ) . 
*\)rt Townsend 



lV)rt Townsend (3 

miles from). 
•Port Townsend (9 

miles from). 
Port Townsend (15 

miles from). 
Port Townsend (18 

miles from). 



Connty. 



Jefferson 
Yakima . 
.....do... 



do 
do 
do 



Franklin . 

do... 

Kitsap... 
Yakima . . 
Jefferson 
Kittitas.. 



Jefferson 

do.... 

....do.... 

do 

do.... 



Depth. 



DUm- 
eter. 



{ 



Feet. 
800 
404 

634-835 

650 

1.060 

940 

527 

404 

400 

410 

900 

+800 

700 

1.230 

i.oao 

1,500 

1.100 

700 

900 



Inches. 

II 
6 
8.6 
and 3. 

\ 6 



4* 



Yield HeifiTht 
per I or 
minute, water. 



Oallons. Feet. 

i Flown. 
Many. Plows. 



Many. 
Many. 



Many. 

Not any 
500 
Many? 



Flow. 

Flows. 

+110 

Flows. 

Flows. 



Many. 



No flow. 



Flows. 



Remarks. 



Aliandonml. 
Several wells. 
Temp. 71'. 



Aljandoned. 



F<}r coal; nnsnccess- 
l ful. 
Do. 

Do. 

Do. 

Do. 



WEST VIRGINIA. 



(1 



Alra* 

Beaver Creek, 
mile north). 

Big Flint Creek (2 
miles southeast 
from mouth ).^ 

Big Otter 

Booher* 

Bridgeport 

Brink (near)* 

Browns Mills ( near )^ 

Buckhannon 

Buffalo ( near ) 

Bulltown 

Bnming Springs 
(near)." 

Burnsvillc 

Cairo» 

Cairo (If miles north- 
west) »« 

Cairo (4 miles north- 
east). ^^ 

Cairo (8 miles 
south)." 

Cameron ( near ) »■ 

Center Point 
(near).** 

Central 



Tyler 

Doddridge. 

Clay 

Tyler 

Harrison . . 

Wetzel 

Harrison... 

Upshur ... 
Putnam .. 
Braxton .. 
Wirt 

Braxton .. 

Ritchie.... 

.....do 

do 

....do 



Marshall. . 
Doddridge 

....do 



2,700 
417 

2,520 



1,100 
1,869 
db2,500 
2,763 
1,867 

2,5:» 

400 

l,a)0 

2,010 

2,750 
2.060 
1,735 

2,142 

1.652 

3,249 
1.910-2.880 

460 



* Records, U. 8. Geol. 

56-.58, Washington, 
' Record, iMd., p. 39. 

* Record, W. Va. Geol. 

336. 
*Ibid., pp. 382-334. 
•Ibid., p. 368. 
•Ibid., p. 346. 



Surv., Bull. No. lOK, pp. 
1803. 

Surv., Report, vol, 1, i>. 



5 

'Ibid. 

•^Ibid. 

Mhid. 
•«Ibid. 
»'lbid. 
>Mbid. 
'•Ibid. 
»*Ibid. 



.. I 



, pp. 249-250. 
, pp. 262-263. 
, p. 302. 
, pp. 316-304. 
, pp. 305-307. 
,pp 308-309. 
, p.a50. 
pp. 328-332. 



-20 



For oil or gas. 



Oil well. 



Do. 
Several gas wolls. 
Two oil wells. 
For oil or gas. 
For oil; unproduc- 
tive. 
For oil. 

Salt well. 
Oil well. 

Small flow of oil. 
For oil or gas. 
Do. 

Do. 

Small supply of oil. 

For oil or gas. 
Several oil wells. 

Sulphur water. 
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WEST VIKGINIA-Continued. 



Locatioii. 



Central City 

I>o.> 

Central City (vicin- 
ity). 

CtiarloKton (water- 
work8).« 

Char leHton (8 m i I e 8 
al)ove).* 

CharleAton (9 miles 
above).* 

CharloHton (13 miles 
Ronthw«8t».* 

Cliorry Camp (vicin- 
ity). * 

(HarkBhurf? 

Clarksburg (5 miles 
cast). 

Clarksburg (4 miles 
south). 

Cnifton 

CYoBS Creek district ' 




Kanawha 

do.... 

do.... 

do... 

Harrison. 



.do 
.do 

-do 



Dingess Station 

(near)." 
Eagle Mills (?)(near)» 
Ellcnboro (3^ miles 

from).>« 

Eureka (near) ^^ 

Fairfax (northwest 

of).»« 
Fairview (southwest 

of).»» 
Fairview (2 miles 

northeast).'* 

Fallsmill 

Farmington Station 

(2 miles east) ' 
Friendly (near) 



Glenvillo ^^ 
Do 



MaKon.. 
Brooke. 

Mingo.. 



Tyler .. 
Ritchie. 



16 



(irant district*' Hancock 



Pleasants 
Mingo 

Marion . . . 

do.... 

Braxton . 
Marion . . . 

Tylor ... 



Feet. 
2.«K) 
2,770 
1,«75-1,775 

1.840 

2,450 

2.M2 

2,000 

2,55ft-2,830 

1,700 
2.0(N) 

7riO 

1,8110 
7«5 

2.1215 

I I 

2 022 

1. 782-1*. K2H 

'/ 1,348+)' 

i,:a8 ' 

1,880 

1,W7 

1.000 
2.S11 



^^^' minute, i water. 



Inchen. (ialUmn. 
8f-Cii Many. 



Many. 



Many. 



Feet. 
Flows. 



Flows. 



Flows. 
—100 



Gilmer. 
do. 



Do.'" 

Han)er» Ferry 

Harrisville 

Harri.svillo (near) '" 

Hart(near)«« 

Hebron (near) " - ... 

Henry . 

Highland Church 

(near).'* 
Holbrook (near) '" . . 
Hundreti (near) '-'*.. 
Huntington 



Do 



Wetzol 

Jeffora >n ... 
, Ritchie .... 

i - do 

' Lincoln 

! Pleiksnntr* . 

Preston . 

Monouj^alia 
Marion line 

Ritchie 

Wotzel 

Cabell 



do 



luki* (near) I Tyler — 

Jar visville I Harrison 



2,412 

8()0 

1 1,470 

! 3.f>U 

' 412 

i.ri00-2.(»io 
2, :•<)() 
3,21)0 
2.(180 
7o:j 
3,4W 

2.670 
3.2»9 
2.075 



1,2()0 






4' 

10 5 



Few. 



8Hii 
8-0 



No flow. 



SomeolL 
Small flow of 
Two on woUs 

For oil or [ 
ductive. 
Moderate floi 

Small flow ci 

For oil or gas; 

ductive. 
Several oil • 

wells. 
Some gas. 



Salt water. 



For oil; nn 

tive. 
For oil or i 



Do. 
Several oil i 
wells. 

Two oil weUi 

For oil or gai 

Oil well. 

For oil; un 

tive. 
Salt well. 
For oil or ga 

doned. 
Peep well fo 

gas. 
Gil and gas ^ 
For oil or gas 

doned. 
For oil; ni 

tive. 
Gas well. 

Several oil w 
OUwell. 
For oil or gai 
Do. 

GU well. 

Oil well. 

Gas well. 

Oil prospect 
ceesful: n 
ter at bott 

Several oil n 
Numerous o 






' Record, W. Va. Gool. Surv., Report, vol. 1, pp. 

275-27ti. 
« Record, Pa. 2d Oeol Surv., Reports, Vol. I», 

pp. 331 .-^Ifc*. 
»Ibi<l.,p. .'«0. 

* Record. W. Va. Gool. Snrv, Report, vol. 1. pp. 

271-272. 

* Record. Pa. 2d (4col. Surv., Reports, Vol. I*, 

pp.3:{i 3:c{. 
•Records. W. Va. (K'ol. Surv., Report, vol. 1, 

i»I) 2o2 255. .- 

' Record? Pa 2d Geof Surv., Rei^rts. Vol. P 

pp.ai7 :fc» 

* Record, W Va. Geol. Surv., Report, vol 1, pp 
278-280 

•Ibid.,pp.334-.335. 
»• Ibid., pp 311-315. 
»*lbid.,pp.351-;»2. 



'Mbid., pp. 270-277. 
'Mbid.,pp.2;w 241. 
'*Ibid..pp.2:W 239. 
'* Record, Pa. 2d Geol. Surv., Ann. Re 

I8.s6.part2.pp.782-78:i 
' " Record. W Va. Geol. Surv., Report. i 

2.')0-2rtO. 
' • fiT.cord. Pa 2<1 Geol. Surv., Reports, ^ 

;i2« 
••■ Retord, W. Va. Geol. Surv., Report,^ 

340 342. 
"• ibid.. p 319. 
2«Iliid pp 280 281. 
'^'Ibid-.p.iUiO. 
"Ibld.pp 2:n-232. 
-fa Record. W Va Geol. Surv., Report, 

32l) 
" Ibid., p 349. 
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WEST VIRGrNTA—Continxied. 



:loa. 



mileW.)' 
uid Ticin- 

) (Yidn- 



Connty. 



Marion 

Kanawha . 

Doddridge 

Manon 

Manthall.. 

Doddridge 

Wetrel... 
le (Smiles j Marshall . . 

(Ticinity ) Lewis 



u-)« 

wnship*.. 

Station 



(near)*.. Tylor .... 
(near)»» Noblo... 

Kanawha 

1 ( near > •'• \ Marion . . . 
1 (1 mile , do 



] (3 miles ' do 

1(3 miles do 




n" 

3 (near)*' 
B ( vicin- 

e (3 miles 

'n (vicin- 



Doddridgo... 

..do 

Monongalia. 

MarHhall 

. .-do 



do.. 

WrKxl.. 
Preston 



Depth. 



Feet. 
3.UU 

2.115 

2.139 
2,»U 

2.701 

2„WK 
1.1135 

2.7r«> 

2,090 
1.(1)5 
l,Hf«0 
I.ICM 
3,144 

3,0(2 

2,895 

3,010 

1.W2 

4H5 

450 

2,992 

],5(i2 



Diam- 
eter. 



Yield 

iHsr 

mmat4». 



Height 

of 
wat«T. 



RemarkH. 



Fnctu'». ft€tllonn. Ft* t. 







1 






i 


1 




1 


1 


i 


1 






1 


1 


1 


1 














1 


1 

1 


1 


1 




1 


■ 


........ 



For oil or gas. 
NanK*r(ius Halt and 
' gas wolK 
For oil or gas. 

Da 
For oil or gas, uniiro- 

dnctlve. 
For oil or gas. 

Do. 
Do. 

For oil or gas; altan- 

done<l. 
For oil or gas. 

Df>. 
<laa woll. 
Fc#r oil or gas. 

Do. 

Do. 
Oil well 

Do. 

I 

! For oil or gas. 
Abandone<i. 

For oil or gas. 
Small Hujiply of oil. 



1,638 ' Uilwell. 



2,100 
2,«70 
2.3rt7 
1,470 
1.400-1.413 

578 

2,177 

3,orjo 

Rty> 
4rtUJ) 

l.lttH 

2. lOii 
2,4H4 

2,(i:r» 
3,0H> 



I 



do 

irland ! llancoclc 

srland (2 i — do 

Ritchie 

7 milcH ' Doddridge.. 

g(near)«» Wood 

v (5 miles, do 

i Harrison 2,300 

7. Va. Geol. Snrv., Report, vol. 1. pp. 

E^i. 2d Oeol. Snrv., Reports, Vol. I* 
333: W. Va. Board of Centennifil 
rs. Resources, Report by Maury 
itaine, pp. 287-290. 
f. Va. UeoL Surv., Report, vol. 1, p. 

281-282. 

»a. 2d Oeol. Surv., Report, Vol. P, 

{29. 

r.Va. Geol. Surv., Report, vol. l,pp. 

». 

». 

298-299. 

a. 2d Geol. Snrv., Reports, Vol. I», 

r.Va. GKjoL Surv., Report, vol. l.pp. 



For oil rir gaR. 
(las w«*ll. 
For oil or gas. 

Several oil wells. 

Numerous oil wells. 

For oil or gaH. 

For gas; unsuccess 
ful. 

OaK well. 
C>il w<*lL 

Do. 
Do. 

For oil or gas. 
Do. 

Do. 

>» Ibid, i»p. 242 243. 

'< Ibid., pp. 24:^ 244. 

'Mbid.,pp. 2l4-244i. 

••Ibid., pp. 210-247. 

•M»>id..p..T.(». 

>*" Kei-ord, W. Va. Ctool. Surv., Report, vol. 1. p. 

» Ibid.. p. 361. 

"Ibid., p. ;W). 

2« Ibid., pp :t5t .CM. 

52 Record. Pa. 2d <f«-ol. Snrv.. KeportH, Vol. P, 

p. :t!9. 
=3 Record, W.Va. Oeol, Surv., Report, vol. l.pp. 

3»52^«:J. 
"Ibid., p. 304. 
«* Ibid., i>p. 2!«2-2U4. 
2* IMd., p. -m. 
'T Ibid., VP- 321-322. 
«" Ibid., pp. 322-,J23. 
"Ibid.,p.2Hri. 
»» Ibid., pp. 29ft-298. 



i-- -- 

1 


1 


1 




1 


. 




' 




1 
- IH 










i " ' * 1 






■ 


1 


1 
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WKST VIIIGINIA— Continued. 



Location. 



Coanty. 



Petroleum Station 
(U milen north).! 

PineyPork" 

Poe District* 



Point Pleasant (0 
miles below). * 

Rarenswood (near)* 

Ritchie Court- 
House.* 

Ronceverte 

Salem 

Sardis (vicinity )'..- 

Sedalia (near)*. 

Shanghai 



Ritchie 



Wotzel.. 
Hancock 

Mason... 



SisterrUle (near) 

Sistersville (2^ miles 

southwest).' 
8mithfleld(near)>*.. 
Smithfleld (2 miles 

northeast) .1! 
Spencer (asylum 

farm).'« 
Spencer (about 10 

miles southwest)." 
Sutton ( Umiles 

below).'* 
Ten Mile District ».- 



Vadis (near)'* 
Do.»' 



Wadesto wn ( near ) ' " . 

Do.»» 

Do.2» 

Wavorly (6 miles 

south)." 
Wellsbnrg" 



Jackson 

Ritchie .... 

Greenbrier 
Harrison... 

do 

Doddridge . 
Berkeley... 



Tyler , 
do 



Wetrel. 
do . 



Roane 

...do.... 
Braxton . 
Harrison. 



Depth. 



Feet. 
1.81)0 

2,640 
1,7(10 

2,^12 

2,2:J2 

1,724-1,918 

800 
2,100-2,800 
3, OKI 
2,800 

714 



Diam- 
eter. 



Yield Heisht 
per I or 
minute, water. 



Inches. Halloiu, Feet. 



Few. 



Do." 

Weston 

Do 

Weston (2 milos 

below). 
Weston (10 milos 

southeast). *' 

Wick (near)" 

Williamstown ( 1 k 

miles below)." 
Williamstown (4 

miles below). "' 

Winfleld(?) 

Wheeling«8 

Wheeling (near). «» . . 

Wheeling (Smiles 

east-northeast ) . ' " 

Wordley (near ) ' » 



I/ewis 

Doddridge 



Monongalia. 

do 

do 

Wood 



Brooke. 

do.. 

Lewis . . 

do.. 

do.. 



do 



Tyler 
Wood 

do 



Putnam 
Ohio .... 

do.. 

do... 



Monongalia. 



I,8ti6 

3.282 
3, KM 

2,750 

1, 623-2, .%2 

2.725 

2,750 

2,703 
2.207 



3.090 
3.112 
3,300 
2, 261 -2. 21 W 

1.217 

1.310 
2.700 
1.450 I 
2, 165?! 

2,401 I 

1,91/i 
1,504-1.673 

710-1. 138 

500 
2,095 
4.5(« 
2,000 

2,83(V2,9tK) 



» Record, W. Va. Geol. Surv., Report, i>. 301. 

« Ibid., p. 337. 

'Record, Pa. 2d Geol. Hurv., Reiwrts, Vol. I', 
p. 327. 

♦Record, W. Va. Geol. Surv., Rejiorts, vol. 1, 
pp. 273-274. 

ftlbitl.,pp. 283-2JH. 

•Ibid.,pp. 317-;il8. 

■'Ibid., pp. 248-249. 

«Ibid.. pp. 326-327. 

• Record, W. Va. Geol. Surv., Report, vol. 1. j). 

357. 
•"Ibid., p. 343. 
' • Ibid , pp. 343-^44. 
»Mbid., pp. 2(^4-26<5. 
'3Ibid.,pp. 2»57 289. 
'M bid., 269-270. 
>Mbid.,p. 251. 
»«Ibid., pp. 2.57-258. 
" Ibid., pp. 258-259. 



6i 



41 



Remarl 



OU well. 

For oil or gi 
For oil; u: 

tivo 
For oil or gi 

Do. 
Several oil 

wella 
For oil: aba 
Oil wells. 
For oil: aba 
Large gasw 
Sulphur wa 

feet; abai 
Large oil w< 
For oil or gi 

Oil well. 
Do. 

For oil or gi 

Several oil 

wells. 
Oil well. 

For oil or gi 
ductlve. 

Oil well. 

For oil; uns 
on acco 
water. 

OU well. 
Do. 

Gas well. 

Two oil wel 

Numerous 
wells: non 
Gku well. 
Foroil;ansi 
Small flow ( 
Gas welL 

OilwelL 

For oil or gs 
Do. 

Two oil wel 

Two wells. 
For oil or g 

Do. 
For oil or 
successfu 
Gas well. 



'Mbid ,pp.23:{-234. 
'» Ibid., PI). Z^'ZX^. 
•''"Ibid., pp. 2:)(^2:n. 
2> Ibid., pp. 292-2JI4. 
" Record, Ohio (ieol. Surv., Report, 

VI, pp. :cj7-3;{9. 

"3 Recorfl, Pa 2d Gool Surv.. Ann. R 
1HS6. part ».pp. 783-784; W.Va.G< 
Report. vol. 1, p. 367. 

2* Record. W Va. Geol. Surv., Report, 

p. ;mO. 

])j) :.'90-291. 

p. :^9. 

p. ',W\. 

. , ]>p. ;{(U-3rM. 

•J" R<'(!ord, Pa, 2d GeoL Surv., Ann. Re 

pirt L^ nj). 781-782. 
3' li.'cor.l. w.Va.Geol. Surv., Report 

zvv zr:. 



-^ n.i<i 

■^ Ibid 
•-' Ihi<l 
•-- Ibid 
2' Ibid 
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rsinia Oeologlcal Snrre]r, ReporU, vol. I, by I. C. White, 303 poKes, 

im, 1809. 

Beport on the Oil and Ons Fields of Western Pennsylvania for 1887- 

eylTanln Second Qeological Survey. Vol. I', by J. F. Carll, 356 pages, 

1,1890. 

WISCONSIN. 



«. 


County. 


Depth. 


*"'■ ImfoDte 


Hel«hl 1 

o7 Remark a. 

w«t»r, 1 




OrMoL>ke.. 


""iiS 

i.goo 

i 

f:ffi 

600 or WO 

1 

1 

UOMU 
1,1(0-1,033 

*l.l(B 

1,380 
673 

78M21 

i 

*M0 


InrKn OaUoHt 


"•i,iT.„,.», 




-3i 

Flow*. 

now«* 

i 

No How. 

-lu 






Qre«ni 






1-S B«blSO 

IB. 

'"1 ' 






from 2i»«io fL-ee 
mainly. Granite, 

Temii.'si'. 








W-- 










Outngmmle... 
WBlworth — 

jiiSSi 

Fo^dD'L^: 






Temp^K'. 






Do. 










i5 ' KS;: 


Two wella. 




-s 






iKi-j.':" 


* ^ +?! 
























St.Croli.... 














" ■■.•.-„«„.«,. 


a (iBtT 


do 

D«ne 

as :::::: 

UCrosse-. 


Not mni- No flow. 

1 


JS^sF'' " 






l^»-.. 


10 . HsDr. 

J ' M»ny. 

8 M.nj- 

':^' 

— Slany. 


Nearly 

'3 


aeveral w?11b. Temp, 
40°. 




J-2S Malu bcHiV ot water 

ut ami rwt. 




"^ feet'. 



' Record. Wis. Geol. Snrr. . I 

> Ibid., np. 188-197. 

' Record. Wts.Gool. SnrT,. : 

•Record. Wis. Qeol. Surv,, 1 

•ABaly*is.lli1<l..p.l84. 



■rorts. 1873-1(177, vol. 2, p. IM 
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W18CON8IX-Continaed. 



Location. 



Osbkoebi 



Do 

Oshkosh (normal 

school). 
Oshkosh 



Palmyra* ... 
Patch Grove 



PlattAville 

Prairie dn Cblen * 



Racine^ 

Do 

Richland Center 
Riverfalls 



Do 

Rock Elm ... 
Sheboygan ^ . 

Sherwood ... 

Superior 

Tornado 

Tomar • 

Two Rivers , 



Ck>anty. 



Winnebago.. 



do 
.do 



do.... 

Jefferson 
Grant .... 



do.... 

Crawford 



Racine 

do. 

do. 

Pierce. 



Ume 

Watertown 

Waukesha 

Westbend 

West Depere 

We3tern union Junc- 
tion.' 
Whitewater 



do 

do 

Sheboygan . 

Calumet 

Donglai 

Door 

Monroe 

Manitowoc . 

Buffalo 

Jefferson ... 
Waukesha . . 
Washington 

Brown 

Racine 



Walworth . 



Depth. 



Ftet. 



005 

587 
613 

605 

750 
487 



1.000 
900 



1.240 

1.360 

750 

600 

400 

520 

1.475 

1.035 
927 

1.040 
492 

1,700 

471 

1,146 

1,000-1.600 

1.500 

810 
l,2tS} 



Dlame- Yield 
^^' 'mbute. 



InchtM. GalUmM. 
I Many. 

5 I Many. 
5 Many. 

Many. 



9-« 



8-5t 



Several 



4 

6 
8-6 

8-6 
8 
4 



600 



Many. 

Many. 

2,400 

200 

200 



6 

8-6 



225 



Many. 



8 Many. 
■"*666' 



...' Many. 
5 250 



Few. 

300 



Heiffht 
water. 



Feet. 
-1 

-1 
~4 

-1 

-14 

-440 



+00 



+66 

+92 

-II 

-6 

-6 
-120 
+104 



-122 
No flow. 
No flow. 



+11 

-36 

-4 

+28 
+40 

+30 



Remarks 



Granite bek 
feet. 



Several other I 

wells. 
Water at 28 

oil at 257 fee 
GK)od water 

other simihi 

in vicinity. 

Temp. 56". 
slightly f 
brine at 51 
several well 

Several wella 



No water be 
feet. 

Abandoned. 
Temp. 59*'. I 
1,340 feet. 

Wat«r bracki 



Abandoned; 
in bottom. 

Temp. 47®. 
Several wells 

Temp. 65«* 



PUBLICATIONS RELATING TO DEEP BORINGS IN WISCONJ 

Wisconsin Geological Survey, Reports, 1873-1877, vol. 3, part 2, pp. 97-4( 
Wisconsin Geological Survey, Reports, 1873-1879, vol. 4, part 1, 98 pagea 

WYOMING. 



Location. 



Aladdin 
Almond 



County. 



Depth. 



Diam- 
eter. 



Yield ' Heieht 
per of 

minute, water. 



Remark 



Crook 

Sweetwater 



Feet. Inches. 

±1,0(X) j 

\,m) 



Gallons. Feet. 



Cam bria " Western 



Cbovenno 

Clifton uiorthof)* 
Dallas 



Laramie 
Weston . 
Fremont 



Douglas I Converse ., 



Gillette Crook 

Hilliard i Uinta 



1.3IX) 

1.145 

l.rt(« 

80()-l.-JiJ() 

0<M) 



No water. 
Strong sulpfc 

ter. 
In progrress. 



Few. 



Flows. 
Flow. 



Mineral wate 
Oil wells. 
+20 I Some oil: m\ 

i ter. 

4*<t ' I Foroil;un8uc 



> Ibid. p. 156. 

«Ibid..pi).ltn-163. 

8 Record, WLs. Oeol. Surv., Reports. l«r:j-1879. vol. 4, pp. 61-^. 

« Record, Wis. Geol. Surv., Rpts.. 1873-1877. vol. 2, p. 1»W. 

* Rec'ord and analysis, ibid., p. \M. 

"Record, Wi.s. Geol. Surv., Rpts., 187,^1879, vol. 4. p. tA 

'Record, Wis. Geol. Surv., Rpts., 18r.M877, vol.2, j.p 1»52-163. 

f" Record, U.S. Geol. Survey, 2l8t Ann. Rept.,188l>-i9ii0,part 4, p. 678. 

•Ibid., p. 571. 
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WTOMING— Continued. 



Location. 



Jerome* 

Jndflon 

I^aramie 

Do 

X>ach 

Jfoorcroft (8 miles 

northwest). 
3foorcroft (10 mUee 

northwest). 
Ifnllen 



Ck>anty. 



Albany 

do.. 

... .do.. 
. ...do.. 
Crook.. 



do 



Fremont 



19'ewca8tle Weston 



Do 



Do 

Newcastle (3} miles 
southwest). 

OUCit7« 

Oxford Banch 



Bawlins 
Do.. 



Do 



Bait Creek oU field*. 

Sheridan 

Sussex 



.do 



-do 
.do 



Natrona 
Albany . 



Carbon. 
do., 



do 



Natrona . 
Sheridan. 
Johnson . 



Depth. 



Feet. 

680 

540 

1.015 

1,470 

510 

1,300 

800 

1,200 

1,960 

1.340 

420 
?J0 

1,130 
540 

450 

487 

038 



800-1,200 
500 

i.aoo 



Diame- 
ter. 



Inches. 



41 



2* 



Yield 

£sr 
ate. 

GcUlorut. 



Few. 
30 



Several. 
Several. 



Heiffht 
water. 



Remarks. 



Feet. 



Flows. 
Flows. 



No flow. 



Flows. 



Few. 

200 
400 



350 



i 



Few. 



Flows. 



Flowed 
oriffl- 
nally. 

Flowed 
oHffi 



nally 



lly. 



Snlphnr water. 
Good water. 



For oil; nnsuocess- 

ful. 
Two small oil wells. 

Oil and sulphur wa- 
ter. 

For oil; unsuccess- 
ful. 

Some oil at about 400 
feet 

Some oil. 

No product. 

Oil and gas. 

For oil: unsucc^ss- 

fal. 
Several wells. 



Water from 406 fo3t. 



Oil wells. 

Water at358 and 1,120 
feet. 



PUBLICATIONS RELATING TO DEEP BORINGS IN WYOMING. 

Petroleum of Salt Creek, Wyoming, by W. C. Knight, University of Wyoming, 
petroleum series. Bulletin No. 1, 47 pages, June, 1896. 

Petroleum of the Shoshone Anticlinal, by W. C. Knight. University of Wyoming, 
petroleum series, Bulletin No. ^, 34 pages, January, 1897. 

Oil Fields of Crook and Uinta Counties, Wyoming, by W. C. Knight, University 
of Wyoming, Petroleum series, Bulletin No. 3, 31 pa«e3, November, 1899. 

A Preliminary Report on the Artesian Basins of Wyoming, by W. C. Knight, 
University of Wyoming, Wyoming Experiment Station, Bulletin No. 45, 251 
pages, plates, map, June, 1900. 

Preliminary Description of the Geology and Re ources of the Southern Half of 
the Black Hills and Adjoining Regions in South Dakota and Wyoming, by N. H. 
Darton, United States Geological Survey, Twenty-first Annual Report, 1899-1900, 
pp. 489-599, plates, maps, Washington, 1901. 



1 Analysis, ibid;, p. 571. 

« Record,etc.,"wyo., Ann. Kept. Geologist. Jan., is?<8,p.32. 

* Record, Wyoming University, Ball. No. 1 (Petroleum series), 181W. pp. IS-IU. 
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<i«RAPHY OF THE SOUTHERN APPALACHIAN 
MOONTAIN REGION. 




By Henry A. Pressby. 



INTRODUCTION. 

Vgion lierein descritxHl ot'cnpies portions of the Stntes of Vir- 
troliiia. South Carolina, TeiiiK'Sscc, Georgia, and \\a- 

^^ i-lcvftted far above the smroundinf: oouiitiy and stands 

H^"** ;i pliysio^.'raphic unit. Tts rivors, topography, and ri'wuirt'es 
*'*■ s, , i;„.,i ill OK miioh det-ail as the time avaihibU- for fiold invcBti- 
^;_ ' "■ ' I I , niiilled. 

"'*"■• I. if rliaiikNftrc diio to Mr. E, W. Myers, resident hydrographer 
^^ ^^.iiili ('aroltna and South Carolina, for his investigiUioiis and 
TTl -' y <-'ii!ii|j!ei<' ri[)ort8 on several of the drainaj^** ai-eas, the principal 
55*.^** fiMMi wliirli arc eml)odiod herein. Miwsrs. Cleveland AblH', jr., 
tt^j' • Jtrani'ti, N. C. Curtis, and Ernest Graves wen? also eiipi;^'d 
Cl ^^* » the v<-conii;ii8.sancp, and the success aehievtil ^^"as lai^^ely due to 
i^^^^ assists 1 Iff. The meaaureinents ot the streAins ti> the soulli and 
^^2^ of the French Broad were under the cIiarRe of Pmf. H. M, Hall, 
h^^ldpnt hydroftrapher for Georjria and Alaluiina, wh<i wjis assisted by 
^5^ "'^"' ^V. E. Hall, J. li. Hall, J. C. Conn, and H. (J. Stokes. 
""^L^cphutogr-apha used for ilhistrations wei-e taken by various niem- 
i^ S^ frg of I lie Uniuii States Geological Survey and of the l'nit<rd SItit<>s 
' *^Ureiiu oT Fcin;st;ry. I'ls. IX and XI are from photographs bj' II. H. 
Si^*Wiu, Pis. XXXIX and XLII are byeonrtt-sy of Pr()f. J. A. Holmes. 

^f GENEItAI^ FEIATUIIKS OF lEKGION. 

^ MOUNTAINS. 

PHYSIOGRAPHY. 

The great Appahichian mountain system stretches fi'om Maine, in a 

leral southwesterly direction for nearly l,.'tOO miles, through the 

I of Vermont, New York, Pennsylvania, Maryland, Virginia, 

li Caroliua, >South Carolina, and Tennessee, terminating in uortli- 

I Alabama. In New York the range consists of high hills, the 

intatuB gradually rising in elevation in Pennsylvania, where an 

11 



1:-' SMITHKK.V AITALAriUAN Mnl'NTAIX KK(4loN, I*T. I. '>'«i 

av<'ravro Ihm^IiI of L>,iH)n tVfl jtlM>vi' IIh* soa, <»r 1,<h>0 tt> l,5u> fi«el alww 
Die a(lja<M>iit ( 'iiinlxM'laiKl \'all(*y, is rracluMl. At Potoiiiar Uiyer,ii 
the viriiiily ol" Harpers Kerry, tin* (Oevatioii of the (M^ak^ is Jigan J"* 
HMliieeii to alH>iit s(H)f4M>t. From the Potoiaa<' south the rnngeHare 
iiiiieli hi^rlier aii<l l>roa<ler, spreadiii;; out into tht^ ^real lUiu* Ridge, 
the SlieiiaiMloah, llie Aile;;)ieiiy, aii<l th<* <rnMMil)riar iii<»uiit-3ii]i.s, rangtf 
witli liroa<l, fert ih* vaih'ys between, of which t lie Valley of Virginift, 
or S)ieiian(lo;ili N'alley, has a national reputation for secnir iH'auty 
ami I'ertililN. Kortv-livi> miles hehiw the Potoniar is M<»uiit Marshall, 
:», l."»(» t'eet hiirh, an<i a little farther south, near Luray, are Stoneyman 
ami Hawks I»iII, l,i):;i ainl -1jmJ:> f<M*t hi^h, respectively . Thesi> are 
the hi<rhe.si summits of the l>iue Uid^e north of XoHli C'arolina. The 
ranp's extend in nearly parallel lines thron}j:1i the State's of Virginia 
ami West \'ir<;inia, an<l enter North Carolina and TeniiesHf*e near 
their efimmoii houmiary, eulminatin^ in the Iron and the <Tii^at Smoky 
ran^^es, whieh with numerous (*ross chains form the ^reat mountain 
re;rion of the Sf>ntheasterri States. In this mountain mass :}}SS ^KMiks 
ox<mmmI a height of .5,(.i(M) f«»et, and -7 [M.*ak8 have an elevation 
j^reaterihan Mount Washin^ttni (»»,L*li.'> fe(»t). F rum Nor tli Carolina 
ari<l Tennessee the ran;;es «*xten«l mtuf to tlie wi^twanl throu«fh 
<veor^ia and into Alahama, with outlying ranges in South Carolina, 
and are tinally lost in hills forming the Iieadwatei*s of the ivulf draiu- 
n*^r. The «;eneral features of the southern and most massive i»ortio)i 
of the Appalaehians, with the drainage, are shown in PI. I. 

This ;,n'eat mountain system forms the hacklNaie and watei'shod of 
timeasleiii part al' the Tnitt'd Stat<\s. The <^ real (\st masses and the 
hij^hest peaks are in westei'ii North Carolina and ea^stern Tennessee, 
whieh region may lie eonsidei-ed a hi^li i)lat<'au, of whicli the Smoky 
.McMinlains form the western lioundary of tin* hi^jhest portion and the 
I>1m«' Itidir*' the eastern houmiary. The latter rid^e e.vU'nds across 
the State of North Carolina in a .ir^'uera! noi'theast-southwest direc- 
tion until il i-ea<'hes tJM' soutlnM-n bonier <d* the State, when it turns 
to t he west and for a lon^r distance' (about In miles) forms a part of the 
boundary between North Carolina and South Carolina, passing at length 
into tlie State of (ieoi'i^ja ami meeting a^ain the (ireat Smoky H<*uige. 
The area of iIm' rei^ion incbnhHl iM'tweeii these two ranges, whieb 
approai'hes t<» almost a point at its nortln'ru an<l southern e.\tnMm.»s 
and at its widest portion has a width of .*».') miles, is approximately 
♦ »,n(K> squai-e miles. 

The most siriUiuL'" <*haraeterisli<' of the lUue Kid^e is the j^ivat dif- 
feien<*e in slopr of il^ opposite si<les. The rivers (lowiii)^ to the west 
into I he Te!ines«^<M' and the Ohio heati in the pij^s upon the divide ami 
fo!" miles Mow in !)i-oad, smocithly nnindeil, <lrift-tilled valleys befoi'C 
iMileriMLT tin- nai'r<)w, roek-ent t^oi'i^es of their lower courses, while the 
rivers llowinir lo the east plnn;r<' downward in a series of e^iseades, 
fallin^^ several thousan<l feet in a distanee of a few miles. The hitter 
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!am8 CHii hardly lM)8»id t<> have valleys, but Hiiiiply V-sliap<Ml gorgoB, 
mgh which they tumble and foani until th(»y r(»aoh the Piodniont 
In, which extends along the southeasU'im Imse of the Apimlachian 
»m. The surface of this plain has a gcjneral oastwai-d sIoik) from 
kititude of about 1,000 feet at it« western edge to 250 or 3(K) f(»et on 
east, where it merges into the Coastal Plain. 

lie Smoky Mountains, on the western edge of the high plateau 
rred to, are extended to the north in the Hald an<l the Iron 
mtains and to the south in the ITnaka Ili^nge. These mountains 
much more massive and reach far greati^r elevations than the 
mils of the Blue Ridge. Many of their jH^aks attain heights of 
3 than 6,000 feet. Unlike the Blue Ridge, their sl()i)es are ec^ually 
[) on both sides, their outlines are angular and rugge«l, and 
ents of 4,000 feet from the crest to the stream l)ed ai-e not 
>mmon. 

veral cross chains connect the Smoky and Blue Ridge ranges, 
ing the plateau into a number of small basins, each nearly sur- 
wled by mountains and having its own indeiK»ndeiit system of rivei's 
drainage, so that nowhere in this region do w(^ find extended 
le valleys, as in Virginia and Tennesst»e, but instead in every 
3tion high mountain ranges cut off the view and give it the 
»arance of a rocky and truly mountainous eountiy. 
le highest and most massive of the cross chains is the Black 
ntains — named for their somber vegetation of balsam and other 
greens — which really consist of two chains having a united length 
) miles and extending in a northwesterly direction from the JUue 
ye through the counties of Buncombe and Yancey and fcu-miug 
meeting link between the Blue Ridge and the Smoky mountains. 
1 range of mountains comprises 25 peaks, 18 of which are more 
L 6,000 feet in height. On their western slojies rise the eastern 
itaries of the French Broad, the valley of which separates the 
tk Mountains from the Pisgah and the Newfound mountains, 
r of the cross chains, on the west<n-n slopes of wliich rise the 
em tributaries of Pigeon River. The western tributari<\s of tlie 
Jon flow from the Balsam Mountains, a range having an average 
ation of 5,600 feet and comprising 2»J summits with ehnations 
lediiig 6,000 feet. This range extends from the Soutli Carolina 
to the Smoky Mountains. Still farther to the west an* tlu? Cowee 
ntains, with a mean height of 4,y(X) feet. Rising at the southern 
is Yellow Mountain, with an elevation of 5, 13.'J feet. The last of 
jross ranges to the west is the massive double ehaiii of tlu^ Xanta- 
. and the Valley River mountains, with a mean height of 5,000 
•East of the Black Mountains are the Ijinviile Mountains, 
ugh which Linville River has cut its stupendous (;hasm. 
le Smoky and the Blue Ridge mountains, with their numerous 
§ chains, form the culmination of tlui Appalachian mountain sys- 
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tern, and are the highest And most mARsive iiiountalii* 
Slat«H east of the KockieH. Following is a list of tttM 
exceed in olovation C,000 feet: 

Hightat peak* in Southern Ajqialaeliiaiu, 

Smoky MonntainB; 

Honnt Backley 

Clingmans Dome 

Hoiint Love - — 

Honot Collins — 

Honnt Alexaoder 

MoQDt Henry - 

MunatUnyot 

Tricome Knob 

Barens Knob 

Thermometer Knob 

LatteeKnob. 

Cataloochee Monntsln 

Roan High Knob 

Boan HighBlaff -- 

Oraeey Riilgre (bald)__ 

MoantCnrtiB C 

Moaiit Leconto % 

Master Knob - ^ 

Oconee Hoon tain - H 

Peck Peak j 

Monnt Safford | 

Balsam Monntaine: 

Enoe Plotis Balsam i 

Jones Balsam. | 

Bookstand Knob.. i 

Brother PloU_ ,| 

Amos Plntta Balsam ._ --I 

Rocky Face I 

Double Spring Monntain .. t 

Richland Bali<am _. | 

Chimney Peak _ ._. | 

Sprnce Riilge To|) i 

Reinhardt Mountain i 

Devils Court-house ----J 

Sams Knob M 

Cold Monotsiu 

Monnt Hardy _ 

■Tones Knob. 

Mount JnnnlcBka... 

Rocky Trail 

Water Rock Knob 

Black Mountain 

Shining Rock_ _ 

Bough Butt Bald . 

Cold springs Knob __ 




'lT uLi4M..*H..,T».^ 



^K 
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(lack Monntaina: Feet. 

Blackstocks Knob (northweBt chain) 6,886 

Potato Top (northwest chain) 6,487 

Black Dome (main chain) 6,502 

Moont Gibbs (main chain)^. 6,608 

Monnt Hallback or Sngarloaf (main chain) 6, 482 

Monnt Mitchell (main chain) 6,711 

Balsam Cone (main chain) 6,607 

Black Brother (main chain) . 6,645 

Cattail Peak (main chain) 6.609 

Hairy Bear (main chain) 6,622 

Deer Monntain (main chain) 6, 220 

Bowlems Pyramid or Celo (main chain) 6,851 

Locnst Monntain 6, 088 

Bnmt or Long Monntain 6,238 

ClingmanPeak 6,611 

Yeates Knob or Big Bntt 6,001 

PotatoKnob 6,410 

PattonKnob 6,079 

iraggy Range: 

Big Craggy 6,106 

BullHead 6,072 

foregoing table shows a total of ()4 peaks having elevations of 
feet or higher. There are 288 peaks that ex<»eiHl in height 
:eet, and the number that exceed 4,000 feet is much greater. 

GEOLOGY. 

the following brief description of the geology of the region the 
is indebted to Mr. Arthur Keith, of the United States (xeological 
fy who has made a careful study of the Southern Appalachians: 
le geologic formations which underlie this mountain district 
e divided into four largf^ groups. Each differs widely from the 
in age, and has very dii inct features of its own. These broad 
^nces have expressed tiiemselves in su(;h major topographic 
es as the Appalachian Valley, the Appalachian Mountains, and 
edmont Plateau. These differences are also largely r(»sponsi])le 
e principal variations in the character of the surface in the 
lain district itself. 

le Appalachian Valley is underlain by a series of limestones, 
, and sandstones, mainly of Silurian and late Cambrian age, 
ig the youngest of the four groups in this region. Small out- 
)f these formations are included within the area of the nioun- 
near the border of the Appalachian Valh^y. 
lie second group occupies the northwestern border of tlie nioun- 
iistrict, chiefly northeast of French Broad River. It consists of 
es of quartzites, conglomerates, and shales of Lower Cambrian 
A second large area of these rocks occupies the Blue Ridge and 
ent territory nearly in the center of this district. 



IK mMtTHKKN At'PALACHIAM VOUlfTAIMll 

"T)h> (hint ^rnrnji in of C'Hnihrian iig6. It tHimpim iUn u 
honlur r>f Uii> iiHmiilain iiiiutH, correHpondlng iu [niAitiaD ie 
viuiiK^rniup ImiI ili>Vflo|N>il wMUhwtMt of Ftpik-Ii Itmiid Kiveruii 
SntokyniKl lltt' I'liukH iiiuiititAiiiH. The gn>u|t i*i)neuHtt< uritiu!:!! 
4tC4), }!ni,i>'wn(-kL-s, Miti<lKt(>tH-s, whiMtM, and bIiiU>k, itud b tudlM U 
Oonci- Ki'oiiji. Tliis uiirl tlie i>rc(w)iiifc two gniii|n« weru ouui**^^ 
the wiisif fi-inii oMiT HK'kN, which wan depoHiUHl undw* 
thickiii-sK itf the stnita ih HppniximHtely the HMnit> In tb« G 
and till- r<iniiat{misi)f thi-Apimlachian Valley. The lAwwUmld 
<[ii(irl/.itt>H hikI shiilcs of Uu^ rtdtiud ijiroup havt' oaly from all^^■'> 
to oiif-lhinl of thi' thi<-kiu>sH of i^ithcr of th« prpcndiQK ftn)n|w 

"Tlif foiii'tli jriiiiip is much the hirf^Ht of ail, )>oth in aictan\ )> 
hikI ill ni-<-H. [1 coiiNistH in the main uf fonnalioiis of thii Archudi 
oldfsi known aire Tli<- difTcix^iil nukn include wvi-ral kindni^tn 
itc, diorili', itiU'u- and hornbk>nd<'-|;n<^i(iH, and variunM Krhirtt' 
laiyt' iiniiilN-i- of Ihcso wcrt' of iffnixniH origin, Imt I.ho orl{;iu»liil 
of many of tin- jnn-JMscs and schi8t.s iH unknown. Korni»iii)n«i 
included in this (fi-onp an* th«^ uncient volcanic nicks. TliM* 
dcvclo|icd iiiosi pniniiiK'ntly in connection with the Cambrian i^tiS" 
itcs in ihc iiortlicastcrn part of the nioniitaiii dtKtriot. 

"Much of ihe .surface <if tlie Apimlachiaii MouiitaiitN isexce 
ancient. .Dnrin;: flic later jreolofrie periods it hoM IxH^n stthjMM 
the vaiious Tiiituriil ii^-n<-ieN of dcHtniction, and haf* bei«u wow 
accorilint: as llie iticks pn'Si-nteii til tlie surfiKM.* were suHocpl 
these indiiences. Tlie niateriiils coniposiuK thpwf formationc'fl 
defii-ees liy solution and by cheiniaU iitumC! 
isplierie and i]iidei-};ronnd wat«r. Certain OT 
, cartHinale <ir liiix — am readily diHSolvi>d hytai^ 
i in wasting away leaves Iiehiml only the lea'' 
• fiinii of elay. To thin catMihtlity la directiyA 
;ii-cal valley below the level of tlip mountain imB 
iiisiaiK-e, reldspai- — nr*- in imrt< difwolvnd aod 
']'i'<l anil d<-(-oniposed tiy iiatunil wal^ra, tto th. 

■ rock wliieli eoiitjiins Iheni is larf^-ly de8tro)'e 
ii'trion liiive a Ijirtie |)n)portioii of feldspar in the 

rsiirliiecs have been gradually lowerwl by itahrea 
le llii- chMH'i- j;''o"l' "'"1 the An-hean Rroup. 
/,. [K <-on)pai'iitively little ehaii^l by solution 

■ I he surfHee. Foiniations made up in largo P" 
I ttieiiallilndes most persistently, and are naiul 
■d. Tlii.s eoniposilioii \s must pi-ononnccd iii tJ 
inp. bui is sliai-ed also by the Oeow' (froHp a" 

AIi1miuj;!i the Ihickness of ihe Uwer Canibri* 
1 less ihaii llial of 1 lie oMififrnnips, their rfui* 
s eaiised tliein lii n-tuaiii iijilield ia ver}' hi^ 
--idyes and peaks. To this ai-e due the clilTs of ilie Chilhowee, Camp 
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V, and Iron mountains, and the ragged crags of Grandfather. In 
ase of the Ocoee and Arehean groups their immense thickness 
the amount of quartz which they contain have maintainiKl the 
est elevations presented in this region. Of this the mighty 
s of the Smokies, the Balsams, and the Ii<^u, and the lofty 
s of the Blacks are witnesses." 

RIVERS. 

e region is well watered. From it several of the largest rivers of 
country receive their supply. The main divide of the river 
ms is the Blue Ridge. This chain, which enters the State of 
i Carolina in Alleghany County, extends southwest between 
es and Ashe counties and through Watauga C/Ounty. At Grand- 
r Mountain, which is at the junction of Watauga, Mitchell, and 
t^ell counties, the chain turns more to the south, following the 
dari(?s between Mitchell and Caldwell counties and between 
)well, Yancey, and Buncombe counties, reaching th(» State line in 
n County. In this ridge anfl its spurs, cross ridg(\s, ami foot- 
many of the rivers of the Southeastern States hav(^ their origin, 
ew of an escarpment of the Blue Ridge at Blowing Rock, 
., near Grandfather Mountain, i^ shown in PI. III. The States 
irjjcinia, North Carolina, South Carolina, Georgia, Alabama, 
essee, and West Virginia are partially watered by rivers rising 
)untain8 near the Noith Carolina and Tennessee^ State line. One 
e principal upper tributaries of the Ohio (the Kanawha) and one 
e largest feeders of the Mississippi (the Tennessee) head in the 
mountains, and the region may justly be termed one of the chief 
rsheds of the United States. The drainage basins of the largest 
s are shown in PI. II. 

)wing into the Atlantic are the Yadkin, Catawba, Broad, Saluda, 
Jhatooga; into the Gulf are the Chattahoochee and the Coosa. 
River flows to the north and enters the Great Kanawha, whose 
rs finally rejich the Mississippi through the Ohio River. Into the 
issippi flow the waters of the Tennessee and its large tributaries — 
lolston, the Nolichucky, and the French Broad. From the west- 
iloi)es of the Blue Ridge flow the headwaters of the great Ten- 
ie river system. This drainage basin has an area of about 1,500 
re miles and a length of 300 miles in North Carolina, and a fall 
)()ut 1,000 feet between its source and the North Carolina and 
iess(»e State line. The Cheoali, the Nantahala, the Oconalufty, 
Jie Tuekasegee, all large streams with a width of from 50 to 100 
s, join their waters to the Tennessee, and after receiving them 
atter river flows through the Great Smoky Mountains in a narrow 
rocky gorge. The Hiwassee joins it in Tennessee. 
I of the large streams that flow to the west have the same general 
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characteristics, i. e., heavy, precipitons falls in the first portion 
their courses, then long even flows, with but little fall, aorosB 1 
broad plateaus, finally cutting through the mountain ranges on I 
border line of North Carolina and Tennessee, where they have r^ 
and x)recipitous falls, in some cases more than 1,000 feet in a few mil 

After leaving the State of North Carolina the Tennessee flows i 
northwesterly direction for about 300 miles, through the State of T 
nessee, being joined by the Holston and the Nolichucky, tributai 
which carry as much water as the parent stream. The HoU 
receives its southern branches from this same mountain region. 1 
Watauga, one of the chief tributaries of the Holston, rises in the o 
ter of the mountain district around Grandfather Mountain, and flu 
in a northwesterly direction through Watauga County, with the hij 
steep slopes of the mountain sides on either hand, and with freqw 
falls of a few feet over its rocky bed. After flowing through theL 
Mountains iu a rocky gorge and entering Tennessee the Watauga 
joined by Roan and Elk creeks, which have drainage areas with 1 
same characteristics as its own. After the junction of these th 
streams the river flows through Carter and Washington counti 
receiving tributaries on either side, the chief of which are Doe Riv 
Buffalo Creek, and Stony Creek. About 20 miles southwest of Brifl 
the Watauga joins the South Fork of the Holston, and farther doi 
near Kingsi)ort, tlie two forks of the Holston unite, forming one 
the chief ri vol's of the State of Tennessee. Near Knoxville the H 
stou is joined by Nolichucky River, a stream but little smaller tli 
itself, which dtM'ives its headwatei's a few miles south of the source 
the Watauga. 

The Nolichucky is formed by the junction of the North Toe, t 
South Toe, and Caney River, all of wliich rise in the high mountainfi 
Mitchell and Yancey counties, on the western border of North Ca 
lina. The headwaters of the North Toe are separated from those 
Elk Creek, of tlu* Watauga drainage, by a narrow ridge. The Nai 
Toe flows to the southwest until its junction with the South T 
which risers in the Hlack Mountains, after which it flows in a weste 
direction and is joined by Caney River, which also rises in the Bli 
Mountains but flows through a (comparatively flat and open vail 
draining a large part of Yancey County. After the junction .w 
Caney River the stream is known as the Nolichucky, and flows to i 
west for 2(M) miles through the State of Tennessee, receiving numer< 
tributaries, the chief of which are Lick Creek and French Broad £ 
Pigeon rivci*s. 

The French Broad rises in the Blue Ridge, at the State line betw( 
North Carolina and South Carolina, flows in a northwesterly dii 
tion, at fii'st with consideral)le fall, then entei-s the broad plate 
and with sluggish, even flow continues its course westward unti 
breaks through the Bald Mountains. Numei-ous tributaries 
received on either side, all of which iu their lower courses have 
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oharacteristics of rivers of the plainn. The fall of the French Broad 
from Brevard to Asheville, a distance of 50 miles, is 2.7 feet per mile. 
On the north side of Grandfather Mountain are the headwaters of 
Hie South Fork of New River. This is the only stream in this region 
that flows northward. It drains about half of Watauga and Ashe 
counties, and flows through narrow valleys with steep mountain 
slopes on either side. After passing into Virginia it is joined by the 
North Fork of New River, and flows for 100 miles through that St^te, 
finally entering West Virginia, where it empties into the Great 
Kanawha, adding its waters to the Ohio. 

From the southern slopes of Grandfather Mountain and the ridge 
between the towns of Grandfather and Blowing Rock flow the head- 
waters of the Yadkin. For the first few miles the stream is small and 
fhe fall very great, being through a rough and wooded country; but 
6oon the river reaches the vast plateau known as the Piedmont Plain, 
and its valley opens out into a broad and fertile area, with numerous 
branches on either side, those from the south, which rise in the 
Brushy Mountains, being small^ while those from the north, which 
rise in the Blue Ridge, are streams with large flow and considerable 
fall. The many tributaries add large volumes of water to the Yadkin, 
and as it flows to the east its discharge increases rapidly, until by the 
time the South Carolina boundary line is reached it has become one of 
the largest rivers of the Southeastern States. It flows for 130 miles 
through the State of South Carolina under the name of Pedee River. 
The many springs on the southern slope of Grandfather Mountain 
join to form John River and Mulberry and Wilson creeks^ which unite 
about 20 miles to the south and flnally add their waters to Catawba 
River. The Catawba rises in the Black Mountains and flows east, 
descending from the high mountain sides to the level of the Piedmont 
Plain in frequent leaps of from 5 to 10 feet, and in one or two cases 
with vertical falls of 100 feet. From Oldfort, in McDowell County, it 
flows through the heart of the Piedmont Plain, receiving large tiibu- 
taries from the north, notably North Fork, Linville River, Upper 
Creek, John River, and Lower Creek, all of which rise on the e*istern 
slopes of the Blue Ridge, two of the chief tributaries, Linville and 
Jobn, receiving their headwaters from the springs on the slopes of 
Grandfather Mountain. The river flows to the east, ent-c^ring Alex- 
ander County, where it turns to the south and crosses the South Caro- 
lina boundary, after which it is known as the Wateree. 

There are two rivers in this region which differ somewhat in their 
general characteristics from the streams described, viz, the Jk'oad and 
the Saluda. Broad River is forme<l by the junction of the main Broad, 
the Green, the First Broad, and the Second Broad, and receives its 
headwaters from the slopes of South Mountain and the Blue Ridge. 
The tributaries, however, soon reach the flat, open plain, and uniting 
near the State line enter South Carolina near the western border of 
York County. Farther to the southwest Saluda River receives the 
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t^top is one of tho most conspicuous and those of the Roan the 
extensive and beautiful, consisting, as they do, of three or four 
s extending along the top of the mountain in a chain about 6 
4 long. Dr. Mitchell many years ago said of Roan Mountain: 
8 the most beautiful, and will best repay the labor of ascending 
all our high mountains. With the exception of a body of rocks 
ng like the ruins of an old castle, near its southwestern extrem- 
h(* t^)p of the Roan may be described as a vjist meadow without 
e to ol)struct the prospect, where a iKjrson may gallop his horse 
mile or two, with (Carolina at his feet on cme side, and 'Fenneasee 
e other, and a green ocean of mountains rise in tremendous bil- 
iinmediately around him." Some of the highest i)eaks, however, 
lot bald, l)ut are covennl with a dark and dense growth of balsam 
Dtlier evergreens. It is from a somber vegetation of this kind 
the Black Mountains derive their name. 

imi Mount Mit<5hell a view into six Slates can lie had. Although 
mountain is the higliest peak east of the Rockies, the views from 
^ not so fine nor so extensive as (^an be obtained from other moun- 
. of less elevatiim, for the n^ison that it is surrounded by peaks 
nltitudes little less than its own, while Roan Mountain and (irand- 
'V Mountain tower far al)Ove their surroundings, and from them 
lifici^nt views can l>e obtained in all directions, 
andfather Mountain (shown in Pis. VI and VII) is probably the 
massive of the Southern Appalachians, and is the culmination of 
Uue Ridge. The scenery from it is unsurpassed. For many miles 
f^ after range of mountains spread out like the waves of the oc^an, 
opalescent clouds hanging down in the valleys l)elow. In spring 
iiimmer there is the glint of the sunshine on the moist green of the 
»s. In autumn the somber green of the* balsam and spruce crowning 
umniits rises alwve the scarlet and golden glories of the foliage of 
iard-w(H)d trees, while in winter the great peaks lie cold and white, 
and forbidding. At every turn some new and beautiful thing is 
ed. Below the peaks myriad little brawling crystal streams dash 
'ecy wliite over the ledges and around th(^ liowldei-s that obstruct 
coui'ses (see PI. VIII), or loiter in still i)Ools where the rainbow 
; lurk, while still lower are the gi-een valleys hemmed in by the 
) mountains. On the slo])es of Grandfather Mountain, from near 
nmmit to the base, rise innunu»rable springs of jiure, cold water, 
li uniting form rivulets that flow over r(K»ky pr(M*ipi(M»s and are 
\y joined into one of the s<»v<M*al rivcM's which (low from its base, 
mountain is covered with a lic^avy forest growth which has not yet 
>n the woodman's ax. Nearly the whole of it, as well as its neigh- 
(irandmotlier Mountain, is owned by tln^ Linville Improvement 
[)any, which controls V},(H){) acres of the n^gion, largely covered 
forests, and, fortunately, liimlMM'ing is not their design. The 
►any has laid out a town sit<j in th(» valley of LiuvUl^ Rvv^Y^«»t» 
chH of Grandfather JV/oiintain, and inteiids \o seW swwvXV V^v^V^ \*i 
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those who desires summor homes in the uioiiTitain region. In on 
that the springs whicli give rise to the streams on Grandfather Moi 
tain may not 1m* disturbed, l,4fX) acres liave l>eeu set aside as a pul 
park, undc^r five commissioners, om* of whom is the State geolo| 
and another the eommissioner of agriciiltun^ of Nortli Carolina. 

Th<» general contour of the mountains in the Southern Appalach: 
region is gentle, witli sni<M)thly i-ounded outlines (see PI. IX),altlioi 
oeeasionally sharp peaks are siM^n and hen^ and there immense pr( 
pices are brought luU) view, esiMH»ially in the southern portion of i 
region, as at Whit<»side Mountain, one side of which pn»s4'nts asb 
face of naked r<H«k 1,H<K» feet in lieight. (Sh» PI. X.) 

CLIMATE. 

As luus l)een stated, tlu^ Blue Kidge may 1m^ eonsidere<l the gp 
watcir divide. Tin? mountain region lies to tlie north and west, wl 
on tin* east is the Pi(Mlmont Plain. The effect of the increased a 
tu<le u[H>n tlie (dimat^^ is apparent. The higli jdateau nmy be said 
have cooler sunnnei's and mowj sev«*re winters than the lower lai 
adjacent, tlie air is drier and more salubrious, the summer mon 
are remarkably ph^asiint, the temperatun^ varying somewhat with 1 
altitude, but never too 4H)ld for <*omfort on even the highest mounts 
peaks. Hy choosing the proi)er locality one can obtain an aven 
timiperatuiv corresponding to that of northern New England or tol 
warnuM* temperatures of the South Atlantic Stntes. The mean anni 
temperature varices from ncMirly <»()" F. at Salisbury, east of the iiioi 
tains, to VS' V. at Linvilh^, tlie lattcir being about the mean aiini 
t(»mperatun^ of l>oston and Chicago. On the mountain slopes the rat 
annual teinperatun? is still lower. Tin* seasonal temi)cratures of t 
mountain region are approximately as follows: Spring, 5<)°; sumra 
7i]"; autumn, .57 ; and winter, 40 . Tlie foUowing table gives 1 
average monthly temperature, tln^ nujan annual temi>erature, and i 
seasonal temix^ratures as observed at. the Weather Bureau stations 
the mountain region: 

TemiM'ratavr. t.Amcri'ntinus in Soutfu*rn ApiKilachian Mountains during lifOfi 
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:hlnii(\s, t.lio higheHt station, ir 3,81^ ^^(^'^^ <■< flcvntioii, wliil<>.Ht>v4«nil 
? mniintaiii ranges and peaks ruauli altitiideH of fi-iini ."i, inn) to 
fi-et, and thf^ir tempemturHH are lower tlmn Ulll^M> ^ivcn in the 
The fallowing tabl^ gives the temperHtim! cxtit'nu-s at n mim- 
f olwwi'Vfttion HtatiouH: 

TeTaiierat-ure ertremea in Southtm Appalachian region. 
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PRECIPITATION. 

he annual rainfall is copious, largpr than anywhon' else in the 
led States except on the northwostern c-oikst, in Oi-egon and Wash- 
;oii. As might be supposed, it varies considerably in different 
ts of the high regions. The warm, moist winds from the east and 
th are deflected upward by the Klue Ridge, oausing a cooling and 
se^iuent precipitation. In this way the yearly I'aiiifall is greatly 
reascd on the slopes of those mountains. At Highlands, in Macon 
mty, the annual normal pre(;ipitation is about 72 inches and at 
rae Cove about 73 inches. West of the Blue K.\ig6\.\i.6«vm\iATji'B- 



SOUTHKKN APPALACHIAN HOUHTAIN REOION, PT. I. 

fall ill much Ichs in the valley Ix>UomH between the motuitalll^ 
For inHtaiirp, n loii); riH-iinl at Adlieville gives a normal i 
about ii inulii-rt, tlic Hiimlb'st of any record of the mounti 
The iKirniHl al Wiiyiit-HvilU*, i]i [IftywfHid County, in 4G in 
HverH^o pitH-ipitjition of tlie ulioU* region may be eontild^ 
appntxiiiiiLlfly 't'-i luclifH. Tlii> following table gives the 1 
annual, aixl seawtnal ]trecipilatioii for I'.KKI: 

I'recijiitatioti in Siiulhrrii A/iixibwhiaH r^ffiom dnHiaff 



Jui. FaU. Har. Ai>r, Xi 



ntbly lim-ipllatloli. 
9. Jaly. 




AnIvTilla 

Blltmora 1^.11 H.; 

ClHiri<itto.""lI!l SK ft.': 

Ch«WT)rvlll« " 

Flatnidl . .. 
HandnM - 

Hi-nrlotU.- .- 

HiKhUuilH n.Ki ):t.M T.ltl 111.31 l.tn W.St 

HnmsCfivu <.» IIW 7.111 " 

Unvllk) S.m S.M T.W 

•■ - . B.ia S.17 i.in 

., ■J.M u.s H.na 

. . 1.91 4.lfr ILW 
JItAllT.- .- S.» 4.IM «.ai 

lliunt linMBiit ;:.)i K.W :im 

uwSniUa.'.'.'..'.. a'vi "4.wi'i'ii'i"*."iH Tiia' .T.'!.] im 

'Inrnhr :i.lU ■!.« i T.nT , 4.KI hi.lU ' N-MTl LH 

. Iklblbary < a.:S i.m I .l.ili I 4.W< i.l: mi , f.S 

H«ttl«,... ~ ' '- - 

WHjriuHvllIi 



\s. wlii<-li with the Bteep tHapBl 
h<- .stivaiiiH for a day or a ffl* 



1 



PRECIPITATION. 



25 



rs, when the rivers as rapidly fall to their normal fit^e. Floods 
frequently caused by the heavy rains. It is exceedingly diffi- 
, however, to obtain measurements of the extreme high waters, 
unless one is near the station at the time the water rises tlie river 
u before he can reach there. A rainfall of 7,IVJ inches was nH*ortUMl 
alisl)ur3^ on June 10, 1883, and 6.01 inches at IIighlan<ls on Feb- 
rv S and 9, 1891. 

hen* is considerable snowfall during the winter months of the 
!% the average annual snowfall at a few stations iK^ing as follows: 
eville, W inches; Highlands, 22 inches; I^enoir, 11 inches; and 
lilt Airy, 12 inches, 
iie following ta])le gives the greatest and least monthly j>re<?ipit«t ion : 

^ shtnnng yntateM and least monthly precipitation in Stmthern Appalachian 

region. 
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FORESTS AND LUMBERING.'' 

J(»Hrly the whole of these mountains was once eovcMvd with a inag- 
c*eni growth of timber, which owing to its iiiac(*(?ssibility was long 
.r<Hl th^ wfMxlman's ax. Now, however, since the fon»sts of the* 
»*th and 1h«? West have l)een denudwl, the linnlw^ring cl<^in(»nl has 
ikhI it« att4Mition to the Southern Appala<*hiaiis, aii<l the vast- for- 
s there arc rapidly <lisappearing. Railroads have jicnctrati^l tlu? 
untain.s, and mills large and small havelK^en located in the forested 
as. One great railroad traverses the heart; of the region, with a 
Jich from Asheville through Mmron and Cherokee count ies. Lines 
*'c also lx*en constructed up Drw* and Nolichuky rivers, and a number 
Jtlicr lin<»s have been surveyed, some of which will j)robably l)e built 
hill a f(»w yeara. Wherever a railroiwl is construt^tcd the neigh- 
'ing timber s<H)n disa[)pears, in coiis<»([uenc(» of the (cheaper trans- 
•lation. Most of the large mills are steam sawmills, and they are 
ved d(»eper into the fon^sts as Wut supply of timber in their imme- 
te vii'inity is exhausted, the railroads InMiig extended to them, 
ar t he rivers the logs are splashe<l down the streams to the timl>er 



Hiero i.H rocord of a gre&ter amount than this, but It i.s not considercMl quite truBtworthy. 
^rinif the Bummer and fall of 10n0«?xt«nsivi' investiffations of the f oroBtn of the Southern 
•alarhian ret^on were made by the ITnitod States Bureau of Forestry, OifTord Pinchot, 
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IX!iiK iif thr inillH Ih*1»w, tliiiH fuiviiig the cost of milnnt'I tmi 
tioii or loiitf IiaiilK (ivt'r niugh hikI Kt«cp roadH. 
KtrurUHl whii']i hold Ixusk the water in drj' seHBHtis timl rtostltekf 
over thu nvky lic<ls of thu fllntHina. 

NotwithslatitlitiK the iiirowln thftt hnve been bindc on thMelPreeti 
iii>wh<'rc ill thi> Uiiit4'<] StAb>H in there an eqiwl nrvn xf IttnH amm 
with so Kri-at n variety of valuable timber. Tin- wMlnntii, wU| 
({topliirH), aa<l oaks ;rii>w to aIniiMt Incredible simt (kio- II. Xl)- 1 
many llK■aliti4^M while pine ocenrg in large traotw, ifrowing lu gmi 
]u'ig]i\K (««■«' 1*1. XII) iiiitl f nrnitthing as fine lumber hk luiy of th? pin« 
foreHtH of Ihc roiinlry. Near tlie ttunimits of all of th» higher mo 
tains till- only ^rrowth is tlie ImliMm. Moat of thene treeH are ex|K)M>l 
to tlx' eoM ami niml, anil for tlmt reason are Hniall and twiited (i 
PI. XllI, .1), hut where pn)lefhHl thny ip^w to Ut-^K aize, 
in lite C'ra;;;;y uikI iJte Siuoky mountains. NnrneroDs variatiM 
riKKlod em Irons jfniw on the alojies of many of thf nioiiTitnins,fann!i 
an almost im]M'neIrabl(' jiintcle. DnrinR the fl'iwi^ring seasoii the 
presi'iit a most l>eautifnl appeumims being ofte-ti a mnwi of 
stretching as far as the eye ejin reacli in everj- direclion. 
father Moiiiilaiu is ]>artieiiliirly rieh In this grtntlli (se^ PI. XIII, 
tilt' ehief siH-rics IhiIiik RhmlfxleHilrtm vtaxiiniiin, RhaioStmlfn 
riiburhu^iiHi , Hri<l lih>Mhnifinii'i>u fit»eyi. 

Alihoii^}iilii'ri>;;ioiistill1iastli4! fiueHt hanl-woiKl forests JntkaMuo- 
try, till' lart-i" inii'Is of wilil chrrryaml black walnut which oooe fluu^ 
itthed liavi'i'iitii'<<lydisaiiiM>niitl,nnd tlie niitlH arc now sawing ohiuiwr 
himlHTs, sticli IIS oak, whiti- pine, ivih, ami poplar. Not manyypiin 
a^o I lie supply of walnut was so abundant Hint old mountAlneenittt) 
of splitting; rails from waltint lopt and of bumiii;; m- allowing tarot 
file walnut sttiniiis whii-h tcMlay would brint!: iinmentW) WEUBS from 
veneering: factories. The iinfortuiiate feature of tht« Inmbtiirilig i» 
that there in mi <lis(;rimi nation in the cutting. All of (he timnti, liin~ 
and Hinall. ai-e felled, and if found not suitable for itomedlate n» 
they an- allowcil to rot » 
companies ai-e n-euttin;! 
artMlenudin^' ilicm of even Ihc smallest 
saw aiiylhiii^' that will make a plank. In the 

ei-ei-s the wiislefuliie.-js is particularly deplorable. These men fell 
■itniil-iiak an<l hemlock — for the iiark, and after 
no ai tempt to ii.si.' (.lie timltcr. Every year hun- 
rds of liark ai-e hauled fi-oni these monntHiiie, and earli 
; liiat .some fjiant of the fon'st lies useless on its native 
' the railroads it is pnititalile to saw the timber and hHQl 
but tlie natives fiiid that they can strip the treesaii^ 
haul till' li.-irk much fartlier tiiaii tliey can affoi'd to haul the timber- 
It is a mounifiil sittlit to see these iiiimensc tn-t-s lying where felled, 
of no use to anyboily, simply marking the waiitnn wiistefuineaaof nuut 



the };roiind. [n many plao«fl tli« Itimlxr 
H which have once been gone over, ami 



Rome of tiie«onipaniif 
e of the Iwrk galb- 



thc ti-ees- 
stripping: th< 
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Lnmbering on a largo st*ale has been carried on for only a few years, 
tin H<lditir>ii to tlu* larjjo Hteam millM, whi<»li an» raovocl <l<H»iM»r into 
B f<m»st as the timber in their vicinity is exhausletl, every little 
Bek now has one or two small water-i)Ower sawinills cutting fn>iii 
Ot<) .>J)(X) feet a day. Dry kilns are built and ])lan«*rs an* put in so 
ftt tho mills can turn out finished lumlN^r. Although by the old 
lfth<M\s fearful iiin>a4ls were ma<le on the fcuvst^s, S4) thorough is the 
mudation l>v the new mills that it will not take them numv vears to 
[haust all of the timber that is worth sawinij^. 

The four largest luml)er plants operating in this seetion are the 
Watauga Liiml>er Company, (m Watauga River; the Kmpire C'om- 
my, in the Shiwly Valley; the Ritter Company, at Pin(»ola, on Lin- 
Qle River; and a new eompany with main yards at Hunts^lale, Tenn., 
1 the Noliehiickv. 

Tlie Watauga Lumber ("ompany owns almost all of the tinilK»r in 
le Watauga Valley. They have Imilt five splash dams for th<» pur- 
Oft(* of floating logs down to their mill. Two of these dams are on the 
lain river, one at ShuUs Mill and the other just above the mouth of 
eavenlam Creek. On Beaverdani Creek there is a splash dam alxnit 
miles from the mouth, and during the summer of llMMi tho (*ompany 
imove<l much of the timber from the lower part of the J5(»avenlam 
'alley. Al>out miles up Laurel Creek they hav<» anoth<»r si)lash 
am, and an.» now cutting the timber in that n^gion. The fifth <lam is 
n Elk Creek, just below the big falls. They have not eomnu»iH*ed 
mnlKM-ing there yet, but they own all of the timlMM*. At Shulls Mill 
ho company has Imilt a tramroau up in the mountains to haul their 
y^ to the river. They cut only the whit*^ pin<' an<l the jioplar, 
•ecause of the distance the logs have to 1k» splashed. They now have 
hous^inds of logs all along the river from Shulls Mill to thcMr mill 
»elow Elizabethton. 

llie Empire Company started work in the Shady Vall<\v during the 
luminer (»f 190(). They have put up a large mill and timlnM- [nni on 
rJeavenlam Creek, and later will put in a dry kiln. T\w mill is to be 
•un by steam. The Ilolston Valley Railroad is Inking built from 
Abiiii^aon, Va., for the purpose of getting this lumlK»r out. The rail- 
n)a<l folldws down the South Fork of Ilolston River to the mouth of the 
Uun»l Fork, then up the Laurel Fork and J^<»averdam Civek. This 
is oonsidered one of the finest timl)er regions in the mountain sectiim, 
r-oiisisting mostly of white pine and spruce, with a very little hard 
wood, mostly chestnut. The land being very fertile, the trees have 
■rrowii to great size, being nearly 100 feet to tlu^ lii-st- limb. Up to the 
>resenl time the timber in this valley has been almost untouched, on 
^(XM)unt of the long haul over tlui mountains to a railroad. 
The Ritter Company, at Pineola, has luul its mill in operation about 
y<«ar. It is run by steam, and has a capacity of 5(),(XK) feet a day 
^heir timber pen is on Linville River, and the logs are brought to it 
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by a ii,'iiTow-^ajr<* railnwul, which also carries the timl>er to John«i 
City, TtMiu., ]»y way of CraiilxTry, X. C. The tract of thiseomiiaiiy,J 
which roiitaiiis sonic very line w]iit4* pine, extends fnim Pineola 
l.invilli- I'a lis. on both sides of Linville River, and includes mofst 
the tinilMT on Jonas Uid^e. 

Thi* < )hio I{iv«>r and < -harleston Kai1roa<i has IxHm eonstruotnl fwt 
Johnson (itv. Teiin., up the vallev of \olicliuekv Kiver as farastkl 
month ot'Caney Kiv(M\ and a lar«;e lunilier yani and shipping: poiBl 

liave 1 ri estaMished at IInnts4lale, Tenn. A number of sttNiins^V' 

mills have also Ihm'h liuiit on the sh>|N'S of tlie lilack Mmiiitaii& 
Tliese mills are temporary strnctun^s and will Ikj moved from point 
to [loiiit to avoid lon^r hauls of tlie Iop<. The liimlMM* is liauMti 
Ilunlsdaie for shii>meiit. Iluntsthih* lias sprung upon the 1 tanks of 
the Niiliclnn'ky like a western niinin^r tt)wn, amd is not yet on mapi 
of the re;;i(iri. The ownei-s exiM'ct to extend the railroad vm'sofli 
It issaiil that they have 1m »u^ht l,tHM>,Oo() tn*es and aiv still incretf- 
intr tiieir puri'liases. 

S«*\<M*al other companies are doin^ <*onsiderable Iu]nb(>ring. A«hb- 
paiiy in liristol has buili a railroad to transport timlH*r from the 
mountains soutli of l>rist(»] across th(* South Fork of Jlolston River. 

'i'lh* many wiMnl-workin;: establishments on the Tennessee sifle of 
th(* mountains us(> considerable iumlKM*, and elos4^ to the railroad on 
that sith- uMU'li soft wood is cut for the [uilp mills in Bristol and other 

plaers. 

hespiii* iln' liieat inroads on the forests in this rejLrioii, many largP 
aieas have not Imm-ii touches!. The timber near the tops of all of lh»J 
hi^^lier and siiM'piT ridires still remains. This is jjart i en la riy notice- 
able in tin* area Ih'|\v<m'ii ilir South Fork of Ilolston liiveramlthe 
Watanira, wln-if, e.\ee|>i in the Shady Valley, wlii<*h is now IwnjJ 
<'leareil, all the timber that rould easily be reaehetl is J^one, an<louly 
that at i1h' tops of iln' steepest m«Hintains HMuains. Three especially 
lai'ire ar<-as. lioweviT, have not been <'Ut, namely, (t rand father Moun- 
tain, the iUaek Moimlains, and the tonir strip of land (Ui lM)thsi(ie^ 
of Linville Kiver. ( Jianillather Mountain is owned by the Liiivill* 
liiiprovenient Company, and it is not. iikc»ly that tliey will iM»rniit aiij 
lumlH-riiii:. The variety of tr«'es in this area is greater than iu the 
other reLrioii>, bein;^^ har<l wood> near tin* l)ascM)f the mountain ai)<l ^^ 
near the snmmit. 'I'he lUaek Mountains have escaj>ed the lunil)t*r" 
man only bei\nise of lln' dillieulty (►f removing the lo^s an<l sri*tting 
the hinrber lo market. Sinc<' tlie e«»mpletion of the Ohio Kiv'*^ 
ami (harlesiown Uailrtiad lo lluntsdale, however, several mills luivt? 
started work around the bases of thos<» mountains, and it will not i^* 
lon«: before tin' timber is cut N\ell up the side's. 

On both sides of Ijiinille ]{iv(M', from just below Linville to Boocb 
i>oltom, there is a very larire strip of land containing exception.illy 
line tinilM*r whicii has n',t been <'l<*ared of (»ven the most valual^^^ 
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The upper end of this strip, however, is owned by the Ritter 
any, and they are clearing the area, as already mentioned, 
tract extends from just below Linville nearly to Linville Falls, 
^ntains some especially fine white pine. The next strip, extend- 
om a half mile above the falls to 3^ miles below them on each 
f the river, and containing 51,000 acres, is owned by the Mor- 
n Improvement Company. The next lower area, running down 
ver to Beech Bottom, belongs to the Cheever Improvement Com- 

The two latter tracts are very ricli in white pine, poplar, ash, 
lemlock, spruce, and the linn or linden. 

•ee railroads have been surveyed to run through this district — 
rom Bristol to Liucolnton, another from Cooks Gap to Lenoir, 
he third from CoUettsville, on John River, to Cranl^erry, to con- 
^ith the narrow-gage railroad running to Johnson City, Tenn. 
jse railroads are built the timber in the vicinity will soon be cut, 
ig the ground bare, as it is along the other roads. 
5 unfortunate feature of the lumbering is that the ground is 
letely stripped of trees and then is left without cultivation, 
lopes are oft>en too steep for successful farming, and in many 
i the top soil is washed off and the hillsides become more or less 
d by the water rushing down the mountains, 
at as has been the havoc wrought by the lumberman, his part 
) forest destruction has l^en small when compared with that of 
earing of the land for agricultural purposes and with forest fires, 
•ften the farmer, instead of trying to improve the soil in the 
r, makes additional clearings on the mountain sides. Owing to 
eepness of the slopes, the productiveness of the hillside fields is 
lived. After the trees have been girdled and the underbrush 
)yed the land can be planted in corn for one or two years, then 
tin for a year, and then in grass for one or two years, after which 
I be used as pasture land for a year or two, until, with increasing 
nness, the grass gives place to weeds and the weeds in turn to 

•est fires have been one of the great curses in the Southern 
lachiaus, as elsewhere in the country. They were of frequent 
rence in the days of Indian occupation. Thus they have pre- 
the lumberman, have accompanied him, and have followed in 
ake, and their work has been rendered far more destructive by 
imberman leaving brush scattered among the remaining growth 
3h a way that in the burning it has fed the fires, 
some regions fires have entirely destroyed the forests, especially 
3 the soil was thin and composed largely of humus. The burn- 
: the humus has resulted in the remaining soil being soon washed 
, leaving the trees standing on the bare surface of rock to dry 
nd die. In other places fires have destroyed the undergrowth 
he larger trees have been burned near the roots in such a way 
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AH to <-Hiiw tb<>ir tltttt ruction. Repeated flru in tlia 
hHvi* <>xt<>riiiiniitf<l tlic irnuweM and other forage 
an'HH, w) tliiil iiiHt<>H() of ini|>roviii); the pasturage, 
tlitt ohj«><-t of HtHrl iiig t)H> Rtvh, the resalt hoa been in 
years ilH Hlimist total iIchI ruction. 

That till' hiii-iiin^ of tlit- InitiuiK and undeigiovth In 
ouHly alTcsfts tlic Uow of tlu; Htn>aniH anyone irtio has 1w>»»En»ft 
during H lii>iivy min Kt4>nn will admit. In thft virgin f orral tlw rain 
droiw art; oaiif;hl ]>y the underbrush and |mm (lownward tbmii];b^ 
liumuH into the Icsm |M>ruUM hoII and the ruck flk!4nre8 bcueaUi, In n^ 
IK>ar w(>i>kH iind dioiiMih later in the form of nutnborlotw i>pring& B' 
wlient tliti lui'lerlinmh and huinUH have been burned away much Iff 
wtitor NoakH into the.? wiil, numt uf it flowing demt the snr&we iftth 
vvliM-ity vHiyiii^ willi llii; ftlope, wnMhing the soil into atnall tmrnn 
and gulli<'s, eansiug tli<- ntjiid atwumulation of the water iakr fanab 
and ifisiiltiriK in fliNxls in the larger streams in the 

III New Kn;rland and many of the Northern States 
lakeHaud ;;lju'ial dciH>sitHof Hand and gravel spread out 
ami viillcyK of Ihat ruKion Hervoaaa starehoase for 
niat4>rinllj' tiNHiist' lliu forest rover in preserving uniformity In ttwl 
of the Htn>Hntn. Indco)!, they would accompliBh much in that dine- 
tion were the foivst cover entirely removed. Bat in the 
Ap|i)iliu-Ui)iii ifgicin then- arc no lakfw and no glacial grHvels nnd 
Kiinds, lieiK-f tlic water sloni(;e duiK>ndH entirely upon the foresto 
anil the soil. 

SOIL AND VEOBTATIOH. 

Itesides Die aeliiHl rediietion of tlie earth's surface aocordinK » lli( 
ifieks ilifTttr in siis<-e]itil>ility to atmoNpherie agencies, the 
Ih.h>ii pnifotindly iifTected 1iy the soils wJiieh the rocks have pvodnoed, 
for on tlie soils llio ehaRK'ler and amount of the vegetatl<»i an Istgelr 
ileiH^iuiieiit, 

Tlie soil is iialurally ilet'ii and fairly fertile even t4> tbe moantain 
lo|is, wliile llie viillevs, wliieh have lM>on cleared, are rema^aUefor 
their ferliliiy. In tin' valley of each little mountain stream can be 
Heeii Mie small eabiiis ol' the iiiimntraiiiecrs, who cultivate the narrow 
tniets oi' laml elose lo tin: river and often Htt>empt agricultare on the 
8t*ep slopes of llie iiioiiiitain sidufl. i'l. XIV gives views of two chir- 
aetensti<- moiintain homes. In lIieHC houwjs the natives live on from 
F;eiieratioii to ^eiier.ilioii, seemingly without desii'e for change or bel- 
ternwnt. When llx' eldest son is married lie is jjiven a portitmof bb 
father's land, wlucli Ii<' in turn allenipts to cleiii- and cultivate, tuAn- 
aninjr to eke oni a seanly existemie, and Ix'inj;, like his forefathers, 
well satislieil with Ills siirn)undings and his oiindiliou in life. Frails 
and vegetabh's ^iniwalniiidantly and tolai^eei/.e, ami would no doubt 
be cultivated nmeh more were it not for the lack of means of tninepor- 
tatiou. The entire region is well adapt^ni to stock raising, which i« 
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le of the chief imlnstries. YearB Ago General Cliii^man wrote: 
Horeefl and horned cattle are usually driven ont int-otiK* iiioiintains 
lOut the first of April and hrought l>a<5k in NoveiiilN^r. Witliin Hix 
0ek» after the}' have thuH been i)Ut into the ran^e thoy In'coiuo fat 
id »U\^k. There are, however, on the top and alon^ the hUU*s of the 
gher inoiiiiUiins ever]|)freen and winter granseH on whieh )iors4*K and 
ime^l (?attle live well through the entire winter. Such aniinHls are 
ten foaied and reare^l there until fit for market, without ev<'ii seeing 
ealtivated plantation." This custom of turning the Kt(N*k l(K)He on 
le mountains still continues; and in recent years considerable atten- 
im has been given to fine stock breeding. 

Many varieties of shrubs and flowering plants abound, an< 1 1 he region 
lould prove a Mecca for botanists. PL XV (a view (in tlie lilack 
oantains) will give an idea of the great variety of ferns and plants 
ith which the mountain slopes are covered. In the foreground is 
16 of the cool springs for which the region is noUMl. 
Aceonling to Mr. Arthur Keith, of the ir. S. (Teologic^al Sui'\'<»y, 
the moist atmosphere is conducive U} the rapi<I decay of tin* roeks, 
hich break uj) chiefly under the attack of rain, frost, U\v roots of the 
ees, the underground waters, and organic a<!ids. At first tleeay works 
along the various partings, resulting in the loomMiingof larg<^ masses, 
liich gradually become smaller, until finally nothing is h'ft of them 
:cept clay and the more obdurate^ liitsof nxrk. 1'lu^ nx'ks n^aeli the 
irface over only very small patches, while in places tlu* <lisintegra- 
>n attains a depth as great as 50 feet. On sloping surfH(*es tli(^ loose 
aterial is maintained in its plm^e solely l)y fri<?tion. When this is 
BSMMied or overcome from any cause, the residual matter, be it. <day 
' rock fragments, slides down the s1oik» until the friction is again 
Lfficient to retain it in one i)osition. Thus arc formed immense 
)posit^ washed down from steep slopes and at!(Mininlat<Ml in the hol- 
•ws and flatter places. This material gradually works its way <lown- 
ai, as it is pushed along by the freezing of the wat4»r, or is rendered 
lore unstable as the water transforms it into mud. Kventuallv it 
Dds itss wa^'' into the streams and is carried by slow stages into the 

"Thechh»f agent which checks this process of removal is the forest 
Dver, even though the penetrating i-oots and the acids due to vegeta- 
on induce rock decomposition. These same nM>t,s, however, hold 
le loose material in place and check its tendency to sli<le downhill, 
i^ith t his assistance loose soils are upheld on slopes fully double those 
hich they could maintain unaided. I5esid<»s this direct hin<lran<!e to 
le wast4> of slopes by increased f rieticm, the action of the forests is as 
■eat in another way. Loose material is washed downhill during rain 
orms 1)3' even the tiniest rivuh»ts.=* In ojH^n fields tlH\se gather in a 

PI. XVI, A, showB the starting of inich a wash in a deforestod uroa au«l illustraU^H the way in 
lich thia wash \9 checked by the growth uf troos higher un the mountain side. H. A. P. 
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few miniiteN, aiul form deeper and deeper channels with eaek 
irtMMlini; ittorin, finally rnmovinf; the Ioobo material down to tlit 
nick. ThiM pn>ce8H In almoHt prohibited by the network of mob 
the (H>V(>r of leaveit, tK>th liWnK Hiiil dead, and the wat«r roncent 
Into riviilotM )iy aeepint; throuffh the soils ao slowly that it carrii 
fKilimcnt. I'hti wateni finally drain off in the hollows sod i 
Htn^ams whow chnnnela have been fitted by long nae to witb 
the atliM-kH of ni»hinf; water. 

" C^uiitlcMH illnstrationR of this process f»it )h.< mm^d duriqcnj' 
Hlonii. SI rcaniH which drain considerablit arvtw of cli]W4i laivi 
fa»taiiil iMHiimio liirl>id with mud. Those which drain oneHIRW 
)iy foroMtH rim.' much more Mlowly. and by vompuritutn tb* waters 
1m> failed itli-nr, i4xcopt in violent storuiM. Tbi» rfisaltiHoft^ 
most striking at tli<> very headwaters, the litttn Htienua risbiK ' 
fii'ldti and in the womla. The effecta of thin work are seea ta tV 
nifrable f;iilliett whivli gash fields left to thoolemcDtA for any tim< 
fnrt, niiU-KH checked liy the moat constant att«ntinii Miotw Rallif 
Htrip t)IT tlio soil and <-lay and ruin the fieM8.* Iti ilic toniAs., < 
other liaiKl. one ranOy wcH a Nlopeof soil iiol. I'OVfi-cii wilh vr^<-i 
and it is only ulcint; the nnnicdiate banks of the streains tiu 
Klopes of l()om< material are exposed. In short., in this region c 
reHldital m>tl.s the influonce of the forest is paramount. It is 
wi'll known nnum^ the mountaineers that the soils are far moro 
wlu'o riit4t clcHi't-d from timlH>r than over attain. It is eqii»l 
known Jiiiion^r tlie fanners alcm^; Iho river bottoms that thi 
cn)|w liavc iH'fU phiDtvd then- with equal success for scon-s ui 
Tlicw liillor soils, Iiowcvi-r, ai-c refn'shetl from time to time 
iivcrllowiiifi wati'i-s, which have swept off fertile materials fr 
stiH'iH'r mIoih-s alNive. The imtnral fertility of the mountain 
very fr"'al, as is uliniidHntly shown by the donee and luxuriam 
>:i'()wlh. I'lie prisiinc ctrongtlMif tliosoil soon wanes inthecle 
howi-voi-, and then> oiikuos a Ii>s.h which is permanent for at 
^'neriition. To eonvinn^ one's self of the existence of tliiBOOi 
it is only neccsstiry lo visit the n-^rion. 

" III itddition lo the los.1 inflieli.Ml by forest cutting upon th 
slopes themselves ffi-eal dama^rc also n-siUtM to the lands lying 
clown the streams. The deeii clays and underlying rocks fonn 
of t;i{;anti<- siioiiKe which stores ujp water during its plenty. 
the foiT.sts aif stripped away the waters collect and run off witli 
gi-eatcr speed, Hn<l inucli ovrtporal<'s, so that not only is less 
up, but the discliarge is inoi-o in-egulur and temporary. D 
live fiotxls i-esiilt and droughts arc wider spread. Thus, viewe 
the stHiidpoint either of utility or beauty, these unrivaled fon 
th<; keystone of the ai-oh." 

During high Hoods ibe rivers carry enormous qnantitiesof sa 
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y washed from the mountain sides. This material is deposited in 
at beds upon the cultivated lands alonf? the rivers below (see PI. 
Til, A and B)^ making future tilling impossible and ruining 
nense areas of arable land. 

nasmuch as the rivers are chiefly dependent upon their headwaters 
supply it is impossible to overestimate the importance of preserv- 
the forest cover on the mountain sides. 

MINERAL RESOURCES. 

Jo effort will l>e made to describe in detail the mineral resources of 
t region. "^The geological surveys of the various States and of the 
ited States have published considerable literature on that subject, 
3 further studies of it are now being made. StMed briefly, corun- 
ni abounds in cortair. localities. The mica of Yancey and Mitchell 
inties is widely known as among the best in the world, the dei)osit8 
ng so extensive as to furnish a large part of the world's sui)ply. 
a numlKM' of counties iron occurs in large <iuantities, and copi)er 
1 other minerals have been mined to some extent. In the descrip- 
ns of the various drainage areas menticm will be made of the more 
portaut mineral resources of specific localities. 

HIQHW^AYS. 

The highways of the region are bad, having steep grades and being 
3rly surfaced. In many localities practically no work is put on the 
ids, and during certain seasons of the year they become almost 
passable to wagons. This is largely due to the neglect of the inhab- 
tits, for in most parts of the mountain districts excellent road mate- 
Is exist, and with proper care and 4ntelligence the highways could 
maintained in good condition at moderate expense, l^pon the 
untain sides the rain water is allowed to run in the road be<l, soon 
shing out great gullies and exposing the rocks, so that a horae is 
igeil to pick his way from side to side with great care and tlu» rider 
be constantly on the alert to prevent accident. Such a road is 
)wn in PI. XIX, A. The highway from Marion, N. C, to Spruce- 
le, illustrated in PI. XX, is a typical mountain road of this region 
?r which a wagon can pass, but with difficulty. In many cases, in 
ler to avoid cutting a road on the slopes of the mountains, the 
earn bed is used as a highway, although usually exceedingly rough 
cl at the time of high water dangerous to the traveler. PL XXI 
istrates a road bed which has for years been used as a highway, 
rther down the river valleys, where clays are more prevalent, the 
ids are often exceedingly muddy, it being a common occurrence for 
? wagons to sink hub deep into the mud. (See PI. XIX, B,) There 
}■ a few remarkable exceptions, however, as, for example, the toll 
id from Linville around the bas(» of Grandfather Mountain to Blow- 
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iiigRocIc, known HHtho YonahloBBee rood and sliown in PI. XXII, u 
the road between Itlowing Uock and BfX>ne, both of which arc eai^lki 
m grade and Hiirface and show what can be dun*.- when the- u 
at hand are used with oktll. 

IfRAINAOE BA0IN8. 

In the <^mrM' of the examination of the wati'i>)i<,-<l)( and the ^ntni 
InveHtixHtion of Iht; flow of the streams in the K»iil,lu'rn AppnliMlnu, 
region whidi were carried on during the samniir nf I9iK), many 
uremeiits of (low were mitdo on the larger stn-anis and an dkko 
their upiior t ribularios, the results of which iiri' contained in 
reiwrt. Tlic Miiiall Pri<» meter wan used in inakinf? mensumiU'^nK 
There lieing few bridges in the region moat of the inftiutureiueiitfiv 
made by wading. It wa8 therefore impoasiliN' lo nmko gai^iup' 
many of the Ktrearati at the time of high water. 

In Mome res|>cctH the season was peculiar, li^xitx w»s abundaiii tli 
ing June and the sln'ams were moderately hi{;h iluring the earl.v |uii1 
of the Humnter. T^ter, however, very little miii f«'ll, and nuwtiif ll* 
rivers an<1 their tributaries were at an extremely Inn- tutage. as ln«. in 
fact, as they hav<- been for a number of years. An effurl wta miKl' 
to make moiii than ou«> measurement at the sanii' ixjiut uu eitcti tjlrpmii. 
When the fimt meaaurementwas made a benoli mnrk was estahliiihr< 
and the n-lativo height of the water surface was iiH'ai^itreil iil «tfb 
successive giigiiig. KxHiniimtions were also mado fur hi};h-»at«r 
marks, and wlieii the nnnuul fluctuations of a streatn t-ould be ikwt- 
mined they wei-u noted. Hy means of these data n knowle<l^e uf (it 
flow of the streams at various stages and of Iho relation that niM 
between the rise of the streams and their disehiii^e <^n he otitAinnir 
thougli <if coui-se the only definite iiiforniatioil we liave is tlie dlufhitr!* 
at the time of iiieiiHurement. - 

On the larger .stn-anix ^a(^ng stations wen^ rsljililished, 
custom of tlie Snr\-oy, the li4>ight of the water Kurfiu-u tieiug read li^i'v 
oil the g&iic imd n-enrded bj- a l<K-al observer, and the MieasHreineiitt, 
which wei-e made as often ns itractlcable, beiug referred to the eaov ; 
gage. With these data a curve was plotted, using the gage reitdiDg^'O 
ordinates and the stream dis<-hai%e, in cubic feet ])er socond, »* 
abscissfe. Fnmi this curve, the moan of tin- ilaily ga^ twwlinp 
being known, the approximate daily dist^harge wiui inter|>olat«d. Tins 
metliMl is described in detail in the annual reinjitn of the Survey Htn) 
in Water-Supply Pajjer No. 6*i. 

The gn^at difficulty encountered at these stations, wbicdi are on 
mountain streams, was to obtain measurements at the time of higli 
water. After a rain the rivers rise rapidly, and as th^ fkll bb 
quickly, unless a person is near Die station the high water will have 
[ijissed before he can reach the iwint of measurement. 
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ollowing is a list of the gaging stations establishcMl in the 



tatioiis established during 1000 on streams in Southern Appalachian 

region. 



Stream. 



: of New River . 
c of New River . 

"^er 

iver 



ver 

tr 

[ of HoIfltoQ Rivi'r. 

;iver 

c 



r River . . . 

er 

lad River 



Locatton. HAoA. 



I 1900. 

OldtowntYft Anffast5. 

NewRiver.N.C ' Jaly». 

Weaveraford.N.C ! l>a 

Siloam,N.C AuffostS. 

Morgmnton, N. C ; Jane 19. 

do i Da 

Bridgewater.N.C ' Jolya 

Demnger.8.C ; Aniru«t:»>. 

Bluff City. Tenn July 17. 

Butler, l^nn [ An^uift 11. 

do Uo. 

Lineback. Tenn I AugruiitS. 

Chucky Valley, Tenn Heptemlierai. 

Newport. Tenti ■ K4'pt««mb«r4. 

Oldtown.TeDD I>«. 



3S the foregoing statioiiH, which were establishes I during the 
of 1900, the following gaging stations have Ikhmi niaint jiiiied for 
years upon streams flowing from the Southern Appalachian 
ins: 

paging stations of the Oeologioal Survey on streanui flowimj fnmi tfw 

Southern Appalachian Mountains, 

w River at Radford, Va., and at Fayette, W. Va. 

les River at or near Glasgow, Bnchiman, Cartersville, and Holcomb 

;ock, Va. 

inoko River at Roanoke, Va., and at Neal, N. C. 

1 River at South Boston, Va. 

anton River at Randolph, Va. 

Ikin River at Salisbnry and Norwood, N. C. 

awba River at Catawba, N. C, and at Rockhill, S. C. 

»ad River (of the Carolinas) near Alston, S. C. 

ada River at Waterloo, S. C. 

Inlah River at Tallnlah Falls, Ga. 

j^oo River near Madison, S. C. 

'annah River near Calhoun Falls, S. C, and at Augusta, Ga. 

>nee River near Dublin, Ga. 

ittahoochee River at Oakdale and at West Point, Ga. 

»6awattee River at Carters, Ga. 

itanaula River at Resaca, Ga. 

>8a River at Rome, GkL, near Riverside, Ala., and at locks Nos. 4 

nd 5, Alabama. 

xroa River near Blueridge, Ga. 

btely River at Ranger, N. C. 

vassee River at Charleston and Reliance, Tenn., and at Murphy, 

r. C. 

tnessee River at Chattanooga and Knoxville, Tenn. 

tie Tennessee River at Judson, N. C. 

;kasegee River at Bryson, N. C. 

nch Broad River near Asheville, N. C, 
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TlifM' Niaiiiiiis <M»vi'r ovitv stromii rising in tin* Soiithi'ni Ai»i«la- 
rliiaii Mniiiiiaiiis. lirsults nf iiu*asiiro)nculs will l>e found in tbe 
annual n^ports t»f tin* Snrvi»y. 

HOLSTON RIVER. 



I'HYSlCAl. FEATrRES. 

'riicarcasdraintMi 1»y llulsiiin Uivci-coniprisi' tiio ImHinsof the^oitii, 
Sniiili,an<l .MhMli' furkMif that stivani, the \Vat«iijca, the Nolichucky, 
and till* Fn'iifii lirnad. iiiclnilin^r parts of south west^iTi Vir^nvi, 
rastrrn TriMM'^siM', ami w^'stcrn North Carolina. The river is OM 
of th«' lar^rrsi of iho stn'ani> whicli form the preat Ten nessii* River. 
It rist's alon*^' tin* westiTii slopes of tin* lUuo Hidj^e, in Smyth and 
liland conntics, \'a., in thn'r t'orks, known as the North, 3n(Mle,attd 
Snntli lf»rk>, n*>p«'c! ivi'ly. Tiir North Fork, fmni itsi)iKsition, n*oeivw 
no trlliiiiarirs rising; wiihin any of the areas pnijioseil for the pro- 
je<'t(Ml Appalachian National Park, and for that reason, inviewoflbe 
very lar^re area ni'eessary to Im* eoven'd during the field season aini 
tlu' liiniied lime in which to perform the work, it was not investigattil 
The areas ilraim'd by fin* .Mid<Ue and Sotith forks were qnite 
ihnroni^hlv studied, and nianv tlireet instrumental nieasuremeats 
were made nf iheir How and of the flow of all streams tributary to 
them who.Nc diseharp' was sullicienlly j^n»at to admit of theuseof* 
<'Ui-i-eiit meier, ilie minimum limit Immu^, niuj^hly, a little less than 1 
culiic font per ."second, dep«*nd iiiLT lar^relyon the form and ehanietemf 
the ImmI ti\' the nI icam. 

The i»h\>ical cunditions of the drainage l)asin vary greatly, tlu- 
cliarai'ter nt" the c<»nnliy raii.uin;: from the j^enfly nillin^ plain of the 
South and .Middli' tork>, with its smooth, rounde<l^ and ;rniss-C(»veml 
hills. In t he i:r;iiidest ainl mii:lili«'st' mountain masses to In* found east 
of t he liuck\ .Moiiiitains. >ueh as t he I'nakas and the Hlaek Mountitins- 
with tlieir mimen»u> peaks lisimr nmi'ethan i>,UiK)feet above si»a U'Vil 
and with sleepaiid rn<'ky slop«'s st ill elad in virj;:in forest. Then* an* 
wide vaiiatioiis in the soil and in the pMieral j:eolo;j:ie conditions jUhI 
stiMH't iij-e, cnn.Nid«M;il)le \ari;iiiou in temperature and rainfall, and still 
widei- \ ariat inii> in the ehaiacter of ihe streams of the area, whirli 
include the hiawliiiir m(»uniaiii toirents fed by perpetual sprinjfs, tin' 
punv wet -weal liei" .streams of the slate country, and the subterraneau 
St reams of the limestone reLcions. The entire an'a is part of the j^ival 
.Mississip|)i sl<»p<', of which iIm' eastern lioundary is formed by ih'* 
IJlue Kidi^e iMonnluin>, on which all of ihe streams of this area rise, 
those of Vii'.uinia (lowiiii^ to the south woi, tiirou;;h tlu^ great Valley 
of Ka^t 'reniiessce, those from N<M'tli Carolina flowing to the north- 
west, throned i the I'nakas, in ^raiid and «leep i^ortres and dowti the 
valle\ slopes t(i their union with the main stream. 

Tlie limka chain, the most |>rominent natural feature within the 
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a, is a lon^ ran^, the most massive of the Appalachians, its high 
sts forming the boundary between North Carolina and Tennessee. 
s for thi» most part one single ridge, but o<*easionally it spreads 

into a series of from two to four parallel ridges. The chain iscon- 
uous except that it is intercepted by the deep and rocky cuts of the 
bulariesof the Holston and the Tennessee. In Virginia it unites with 
? Blue Ridge. It forms large parts of Johnson, Carter, Washington, 
wne, Cocke, and Unicoi counties in Tennessee. In Johnson County 
e ridges lie in such a manner as to completely encircle the great 
ve of the county, and in Carter County they nearly inclose the 
lleys. It hiis l)een said that the chain is a l)elt of parallel ridges. 
It in mast of the Tennessee part of it the ridges are two in numl)er, 
e l)eing the main axis of the chain, the other lower and lying along 
efoot of the slope, though generally s(»parated from tlie main range 

long coves. This typical character does not always hold good, 
wover, the greatest departure being in the country to the northeast 
French Broad River. 

n the northeastern corner of the State, north of Watauga River, in 
mson and Carter counties, the Unakas divide into three distinct 
iges separated by wide and l)eautiful valleys. Seen from some 
nts these ridges appear parallel, but in reality they are conver- 
it toward the north, and near the Virginia line the Ilolston and 

Iron mountains, the most western of the diversions, converge, and 
ther on, in Virginia, the two ranges unite in the long chain known 
I he Iron Mountains. The most easterly of these three ranges is the 
ne Mountains, a long series of crowded ridges, along the crest of 
ich runs a portion of the State line, ext/cnding from south of the 
ttauga and culminating in the grand and conspicuous summit of 
litetop. The middle range is the Iron Mountains, a long, straight 
jure extending through Johnson and Carter counties — a portion of it 
ining for a long distance the lx)undary line bet ween those* counties — 
iig separated fi*om the Stone Mountains by the valley lands of the 
iner county. Watauga River and Doe River have cut through 
j^ range, but it continues to be wc^ll delined until the southern part 
L'arter County is reache<l, and there it sinks awa^'. South of the 
itauga it is separated from the mountains on the east by a long 
1 narrow valley known in its wider portion as Doe River Cove. 
e last and most west erl}* of the ridges is the Ilolston Mountains, 
ich run out abruptly from the other ridgc^s and terminate as abruptly 
ew miles north of Elizabethton, Teun. Th(»y are separated from 
i mountains on the east by Uw curious, very elevated basin called 
idy Valley and by the valh^v of Stony Creek. 

Vs a rule the Unaka ridges ai(j forest clad. The higher summits, 
kvever, are frequently destitute of trees, owing perhaps to the high 
itude and the consequent low temperature, but more probably to 
mliarities of the soil. Such summits are called balds. Sometimes 
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ilii'V an* a iiiil<' ^^\• iihum' in fliaiiiiMor. ami sometimes a <*liain or smi^ 
sioii nt' tliciii omirs almi^ a ri(l;;f, foriiiin;; a continiiiuis bald fur >4fV- 
oral mi Irs. Uoaii .Muiiiilaiii is a l»iil<l of the latliM' class, and then.' are 
si'ViTal otlhTs like it in tJu* ranir*'. The most niajrnitieeiit vii^w^ in 
iIh' nioun tains an* ohiaincMl fnini thesi* i»eHks. 

Lyin;r to tin- west of thr Tnakas is the jrreat vaUey known ;i> ibe 
Valli^v of Kast 'rcniirsMM*. This bnmd and beautiful Imsin i^asuulh- 

■ 

ward <*ontinnation of the famous Valh*y t>f Virj^inia. In Teiuivssee 
it has ail extn-iiH* wiilth of nior<« tlian "lU miles. It is drainctl hythe 
llolston and its triinitary streams. The portion of the valley (m.iyiwI 
ill the course of this invest iirat ion embraced partsof Sullivan. Carter, 
.Ifdinson. \Vashin;rlon, (in'^ne, and C'oekeeoiinties. Tin* toiMjjrraiihy 
is ciimposed larLTtdy of a s«'ries of parallel ridjfes, the axis extendiog 
in a northrast-s<iuth\vest direction, making the country very rt»l ling 
wlicii viewed transversidy. One of the most markeil i)eculiariiiesof 
the reirion is the short and narrow ridges of slate which are appan'nt 
here and there over the area, sometimes oeciirring in short chains of 
slaty knolis. In \Vasliin«rtoii, <Trcene, and Cocke counties thevallew 
partake of the nature of the ri<l;res and are short and broken. There 
are wide variations in the width of the stream valley's, some bein;: 
sharp and V shaptMl, others several miles in width and very beaut if ui 
and fertile. One of the lar«r4>st of the valleys is in Johnsctn Connty- 
.lohnson County Cove, as if is sometimes called. Its form and posi- 
tion can l»eseen by rt'feri'iiee to almost any map of the area. Below 
Mountain iMiy it is divided lenuthwise by Doe Mountain, an isolat^'^l 
samlstoiie lid;^^'. but the parts are united a^ain in the valley of flu' 
Watauira. whieh is said to have a larirer area than any other valley 
of siniilar <'le\;iiion in the State. It narrows to a point a short dis- 
tanee fi'oin the N'irixiiiia line, and is eiitiivly inclosed by inonntaiii$> 
tile Stone .Monniains l)eini: nii the <sist and south and the Iron Moun- 
tains on 1 lie noi'i Invest. 

i.yinj,^ bi'iween the llolston and the Iron mountains, just before they 
uniie in X'iruinia, is the elevatetl basin called Sluidy Valley, als' 
situated in .loimson County, and beini: much hij^her than thegreai 
valley jusi deseiilKMl. but iiaviiiLT a much more limit tnl area, 'flu- 
<'levation is so Lrr«*at iliai ilie Mora |»ariakes of the character of that 
found in the noitiieiii le^ions (»f Canada. Ircm of jjcmkI quality ami 
very line white pine and spruce are found here. This valley is mori* 
fully <leseribe«i on pa.ir«'s 'i'l to •'•»'», in the description of the area draintHl 
b\ IJeaverdam Cr<*ek. 

The ri\eis,>f iIm* N'allev of Kast Tennessee are wide and shallow. 
the watei> ele;n* and iM'auliful, and the t libutaries niimen>us. Theit 
are two general dii*e<-i ions <)f (low. 1 he iributai'ies llowinij to the north- 
wi-st or tile souliieasi and the main sti'eams (lowing U^ the southwesl. 
The \ alley Moor throuirhout is very level to irently rollinu:, composed 
of small and rounded hills with [renlle, ^rass-eovered slopes, leaving 
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d areas of level meadows or bottom Tand between thorn and dotte<l 
with small tracts of hard-wood trees. From this general level 
transverse ridges as a rale rise gently, although they are seme- 
ns very rough and rugged and are almost entirely forested, 
tie area drained by Holston River in Virginia is entirely within the 
ts of Washington and Sm3rth counties, being the southeastern 
' of each count}'. The extreme southern and southeastern parts 
he area are covere<l by the northwanl extension of the great Unaka 
in known jus the Irciu Mountains. The extreme eastern part is 
ered by the slopes of the Blue Ridge and its outliers, the Pond and 
Brushy mountains. On the north it is closed in by the slopes of 
.Iker Mountain, a long ridge which separates the watersheilsof the 
•th and South forks of the stream. The general characteristics of 
se mountain areas are similar to those previously descrilKnl for the 
aka chain in Tennessee, except that the peaks rise to less heights 
[ are completely woodetl. The geologic st^'ucturt* is, however, 
erent, many of the mountains being capi)ed with sandst'One, the 
vailing rock of the valley floor being limestone. The valley itself 
luch mont broken, and in its upper part contains a much smaller 
tion of cleared land than the areas farther to the south, the natural 
sequence of the changed topography. However, the strip of level 
(1 l>ordering the South Fork on the south, the entire area between 
South and Middle forks, except the sloi>es of the Pond and the 
ishy mountains, and the area to the north of the Middle Fork as 
as Walker Mountain are well situated for agricultural and stock- 
ing pui'suits, are almost entirely cleare<l, and are in a high state of 
jvation, l)eing held at a verj' high valuation. 

he part of the watershe<l in North Carolina, lK»ing the areas 
ined by the Watauga, Nolichucky, and French Broad rivers, is 
iii(le<l in the counties of Watauga, Yanc(»y, Mitchell, Madison, 
icomlH*, llendei'son, and Transylvania, and is d<*scribe(l at length 
•onnection with the drainage basins of those rivei's. The last four 
nties comprise the watei-shcd of the Fren<*h Broad. The lirst three 
nties — Watauga, Yancey, and Mitchell — occupy the entire width 
he transmontane plateau lying between the west(M'n slopes of the 
e Ridge and the Unakas, and their surface is a bewildering con- 
ion of mountain chains and spurs ext<»nding in every <lirection, 
hout order or plan, and inclosing short and narrow valleys and 
3nsiderable areas of cleared land, except along some of the larger 
^ams. 

>ne of the distinguishing characteristics of the whole basin drained 
Holston River is the occurrence of small closed basins or sinks, 
ch ai-e found in great numbers on the low divides between the 
lous tributary watei'sheds. They are so numerous, in fact, that in 
ly localities it seems impossible that any of the rainfall over areas 
square mile or more can And its way into the streams. Certaiikly 
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iliiTi- ;ii*i« iiii I'li.MiiiH'ls visilil<\ ami in many fUM'N wal^T \va>>f»Mi Mawi- 
in;; in pnoN Inuii .'»«» in Iimi fiM*t in dianiotiM*. intliratiniLr -liai tlr!>- 
i> nil Milili'iraiH-an pas>a:r«* fhron^rh wiiich Iln* watiT runl«» ilswaytn 
thf >lr«-anis. < )lln'r>iiiks an* ilrv. i-xccpl al'ler ln*avy rains. In Mime 
in>laiMM-s ihe farniiTs liavi* nMniiTi'il ih«* hotlcmis <it* thrst* natunl 
liasjhH iiMpiTviou^. and ilu* <M»ll<M*ttMl wjitiT is usml fen* cattle. 

SprinL^^ an* niinMTous ovor all the liasin. ranLrin*r in >iz«* fnnujidii- 
rliari:*' «»r NCMTal cuhir Iri'i piT M»(*<nHl t<i l<»>s than a iralloii jMM'miii' 
ulf. Alan\ «»!* Iln* smaller streams siMMn l<» Iw fi-d iMitiri'lv fnnntlm 
xiiH'ci'. In this (MifimM-tion mav In* mitinl the fact that a nmalieTot 
Ntn*aMis which at sinm* pf»int in their eciurse sink l»eli>\v the surfaiycl 
the «^riiinHl. alti*r thiwin;; then* fnr distances varyini: fnnn a f*"» 
yards In a half mih* i»r mnn* n*app(*ar nn tlie snrfa<*<*. Sihim- '•in-.iais 
were nnted which while discharging mi water int(» tht* main sm-am 
<'arricd ;i ciHisi.icrahlc quantity a short <listanee aluivi* their iu«»iithi 
I In* walci- ninkini; gradually into the i*arth as tin* river was approatW. 
It i>sai«lthal ihc .Middle Fork lo.ses a qnantity t»f water in thiswav, 
and Iriiin iIk* character ot* the country riM'k this M*eins hy un ineaM 
iniprohahle. 

KATNKAIJ.. 

Lillli- dctinitr informal ion can In* •riv(*n re^ranlinj^ tho annual rain- 
fall in thJN li.i^in. hut it is well known that throii^htnit the n^^non 
iIh'I'c !•» \in larU of nmisturc, slmwi-rs fi'e(|uently falling on the in«»un- 
l.iiiis wIhii ilhr«' is nnl a <loud «ivei- the valh»v. Tin* i-ainfall in the 
\.tllf\ l«i tin- w«>i is hriwiMMi l«» and l.*i inches pi»r annum. ;nnl lluit 
on llh' inninii.iinN i^ i-ciiairil\ ;:reali'i-. Throu^diout all the area n^v- 
«r«d l»\ ih<' in\ «'xi ii,^Mi ion llicrc is :i lack (»f re<MU'ds \vhei"e])V the nuu- 
r.ill I'.Mi Im i\ 111 .i| pioxiniatrly di'termine*!, most of the riM-ordsebtnin- 
,ilil«' luiiii: \«i> I raLinicniarv. Those at Knowille best i-epresent thf 
.ix.-iauf cnhdii i«»n pic\ ailinir over the valley, though the ('hattaiHK>ga 
i««'ni«N ni;i\ lu' «»f M r\ ice in tleti'rniinin*^ t lie a vorap* rainfall. Tli<* 
niaxiiriniM [»ieeipil;ii itm r<M-ui"de«l at Knoxville is 7.'J.s incho jht 
Miinnni. whit-li i> 1 I"'- pei- rent nf the mean, and up to isiu; ihc mini- 
iiiiiiii w.i*^ .17. 1 inclie>, nv 71 percent of the mean. At ('liatlainH»jra 
ihemaxinnMii i-* ''S. 1 inciie> per annum, or 1l*0 per cent of tin* mean, 
ami the Miiiiiniuni i> .17.1' inehes. m- tin per <'ent <if the mean. It nvA}' 
lie vi;iu>d that the \ari.-ition hetween the maximum and miiiimuiti 
rainf.dl i>' .ii l<*asl as ui-eal as this throULrhout tin* rc^^ion, IhejinfOipi- 
talinn in '\\'\ .\eais heiii:^ Nuinewhat Icssthan "jH per cent of the mean. 

|)rouL:lii> arc lai'i* and as a rule «>f short duration. The iii«^^ 
notable niie (mmmiiiimI in the summer and autumn of J'.uh), whon 
ihr-oULihnul iln* entire counlrN", lioth in the vallcNs and on tin* moiiii* 
tains, till' <lroUL.dit was very s<«vere and lon^ ct»ntinued» prcMlucini-' 
the lowest known slap' of tlow in all of tlu' streams. Durinjr tit*' 
winter the hiuher sumndts are almost (Miiiri'lv euvi'red with snow 
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AGRICULTURE. 

bJS might l>e expected from the comparatively scanty population 
I the inadequate transportation facilities, agriculture and stock 
»ing are the principal pursuits. In the valley of Holston River, 
BTe the country is comparatively level, there are many fine farms, 
Leh are held at a high valuation, and the community seems 
remely prosperous. Although the areas drained by the Watauga 
I the Nolichucky are rough and mountainous, yet the lower slopes 
nnd a fine cattle range, and the valleys are sufficiently extensive to 
icluce the necessities of life for the inhabitants. 

MINERALS. 

rhe mining possibilities are very large, although little has been 
He to develop this source of wealth. In the localities where mines 
ive been opened the work seems to have been carried on in a very 
iMnodic way. Iron ore of great purity is found in abundance in 
liny places, and has been mined to a considerable extent at some 
tcalities, the ore being reduced at the furnaces at Bristol, Johnson 
ity, Embreville, and Cranberry within the basin, or shipped to 
lilaski and near-by points outside of it. Copper, lead, zinc, fiuor- 
par, gypsum, gold, salt, barytes, mica, corundum, and gem stones 
B occur in quantity, and some have been mined at large profit. 

LUMBER. 

The lumber interests also are of great importance, the area con- 
ining many large tracts of fine timber, from which several large 
kwmills draw their supplies, while small portable mills are found 
rer all the area. A large amount of tan bark is stripped near the 
ilroads, the stocks being sometimes worked into cord wood, but 
ore often allowed to rot where they fall. 

TRANSPORTATION. 

The transportation facilities over the greater part of the area are 
tifully inadequate. The Norfolk and Western Railroad skirts the 
)rthem edge of the basin of Holston River proper, the Knoxville 
ranch of the Southern Railway follows along the French Broad, there 
a narrow-gage road from Johnson City to Cranberry, a small stand- 
fd-gage road has been constructed from Bristol to Butler and is now 
eing extended up the valley of Roan Crei^k toward Mountain City, 
'bile anqther road is being built from Abingdon to Damascus, from 
^Mch place it will extend up Beaverdam Creek and into the Shady 
'^alley, and the Ohio River and Charleston Railroad has recently been 
Intended along the Nolichucky as far as the mouth of Caney River. 
'^ by far the greater part of the area, however, the only means of 



4^2 SOUTHERN APPALACHIAN MOUNTAIN REGION, PT. I. >ci 

transi)ortation is hy wagons drawn over the mountain roads, vhirfa 
are genei-ally very rough and steep. 

SOUTH PORK OP HOLSTON RIVER. 
PHYSICAL FEATURES. 

The South Fork of Ilolston River rises on the western slopes of 
the JJhie Ridge, in Smyth County, Va., ]>etween the slopes of the 
Brushy Mountains on the north and the Iron Mountains on the soath. 
It is forniwl by the junction, in a broad .stretch of valley land, of 
Slenip and Crossy (*reeks, and flowing in a general southwesterly di^e^ 
tion is joined by the Middle Fork a1)OUt 6 miles southea.st of Abing- 
don, Va. The sti-eam l>elow this junction and until the junctioi 
with fh<» North Fork is still known as the South Fork. Below the 
latter junction it is known as Ilolston River. 

The headwatei-s of the South Fork are at an altitude of about 2,800 
feet, thos<- of tln» Middle Fork at an altitude of about 2,000 feet, the 
elevation at the junction Iwing about 1,8(K) feet. The altitude at the 
junction of Slemp and Cri».ssy crt^eks is about 2,575 feet. The dis- 
tance ])etween the latter junction and the junction with the Middle 
Fork is about 2U miles in a straight line, and the average slope of the 
country alx)ut 27 fe<3t to the mile. Following the course of the river, 
however, this distance is alK)ut M* miles, and the average fall between 
21 and 22 feet to the mile. 

Althougli the basin is, broadly speaking, a plateau, it is not to be 
iiifjMred that it lias not some very sharply marked mountain ridges. 
The ax«\s of thes<» ridges extend in a noHheast-southwest direction, 
approxiiiiat«*ly parallel to the coui"s(» of the principal streams, and thf 
biittr<»ssiiig spill's of the Iron and the* Stone mountains .serrate tlh* 
soutliern cdg«' with a seri«»s of high and jagged ridges. Away from 
thes(», ]iow(?ver, tlie country is compose<l of a series of low, broa<l 
swells an<l wide, flat valleys, all of tin* slopes being gentle and covered 
with grass not unlike the famous blu<» grass of Kentucky. The soil 
seems very fertile, and good crops of corn, wheat, oats, and hay are 
prrxluced. 

For c(mv«'nien<'(» in describing this large area, the country' has l)een 
divided as follows: (1) Area drained by th<» South Fork below junc- 
tion witli tlie Middle Fork; (2) area drained by the South Fork alx)ve 
junction with the Mi<ldle Fork; and (.'{) area between the South and 
Mid<lh' forks. 'I'he an^a drained by the Mi<ldle Fork is descril)ed 
on pages 01< to 77. 

AREA DRAINEI* I'.V THK SOT'TII F(H{K HKr.OW THE .UNCTION WITH THE MIDDli 

FORK. 

This area lies entirely within the eastern lialf of Sullivan C'ountv, 
Tenn., and to the north and east of Bluff City, the western limit of 
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^lie inveHtigation. Tlironghont the Imsin occur iiiany small (*l(>m*(l 
basins or sinks, mnging in size from perhaiw 50 feet in diameter to 
1^1688 covering several acres. In many of them water was s<*en stand- 
ing to a depth of several feet. Others bore traces of having recently 
(Contained water, while others were well drained. These basins an^ 
Klot indicated on any map of the area, and computations of run-off will 
be much complicated by them, as the amount of water kept back f n)m 
Khe streams is a totally unknown quantity. The country rock is a 
limestone, much jointe<l and laminated in pla(*es, very massiv<^ in 
others, and these sinks are characteristic of that formation. Ledges 
of slate are numerous. The limestone is gray to black in c^olor, and 
Strikes to the northeast, the dip being frequently as great as S5 degrees. 
It is of very good quality, being suitable for quarr\'ing int^) building 
Btone, and a considerable quantity is used locally, nr)n<», however, 
lieing quarried for shipment, so far as couhl Im^ learned. Perhaps the 
the most important use to which this stone is put is for flux at the 
Tarions blast furnaces. Small amounts are also burned into lime, 
irhich is used in the local building operations or is applied to the land. 
A small quantity is also used as a road material, but this (quantity is 
Tery small indeed, for little attention is paid to the roads, which as a 
Tule are poorly graded and ill kept. The soil is in places a md clay 
impervious to water, but seems for the most part t-o be a gray, yellow, 
or bro^Tiish loam, and is very fertile. 

The country on the south side of the river near Bluff City is pre- 
eminently suited to agriculture and to stock raising, b<Mng made up 
of a series of very low and broad ridges and small swells or hills rising 
from 25 to 30 feet above the level of the valleys between, all forming 
thesurfac^e of a plateau elevated 200 feet or moi'e HlK)ve the river 
level. The hillside sloi)es are gentle, ranging from 5 U) 10 degrees, 
and there are large areas of level land. The general impression of 
the country when viewed from a distance is that of a plain, but at 
closer range it is seen to be very gently rolling. By far the greater 
portion (about 80 per cent) of the land is cleared and either culti- 
vated in corn or wheat or sodded in grass, the areas of each btnng 
about equal. The forest growth occurs in small and segregated areas, 
too small to have much effect on the run-off from the surface. The 
character of the growth varies, being in some parts almost exclu- 
sively pine, while in others and over the larger part of the area oak 
and chestnut are the predominant trees. Many other varieties, how- 
ever, are found in abundance, and occasionally the finer cabinet 
woods, such as walnut, curly maple, and curly birch. As the main 
stream is approached the country Im^couics much rougher, the small 
stream valleys being more deeply carved aiKl the hillside slopes 
steeper. The descent from the broad upland plateau to the river 
plain several hundred feet below is v<M'y steep. 

Ascending the river the uplands for several miles above Bluff City , 
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an* >iinilar \n iln»si» oi'sitDhmI, i-xropt thai jHissibly th«' pruporiioi 
<if rli*an'«I laii<l is s|it;hi |y li*s>; bill i! is ost iiiiati'il lo Im* alMHit T-'iper 
f'i'iii of llic ar<*a. am! a1 least half of il is in ;>;i'ass. Tiiniu^hdiil tbl 
part of lis <'oiir>i< tin* rivrr runs in a (rhaitiicl farvfd llinMi;;]i tlu'im 
liiiicstoih' ('(Miiilrv rock ainl into ill*' lianliM* ami nion' ii'sistaiit skt€l^ 
prtMlui'iiiir a vci'v roni^h ImmI. tlit* slali' Inhii;; niurli JointiHl an<l lami* 
iialcMl ami piHijcrliiiL' in .jaiir^iHl riilp*s arross tho c*«»ursi' of tlit-stMi;] 
I hi! tiic fall sriMiis well disf rilMitf^K th(M'(* Ih.mii^ liltli* notin'abU'iti-j 
('fill rat ion a1 any point. 

<foinir up till* river i)m' portion of cloan^d land semis to pti(luallj! 
• lernsisi'. until near the iiiouth of Wea vim* Creek it has <iiiniiiisln'dte| 
oni*-half or less. This i> a eonse<iii«Miee of the jri'^'Jitly <*han;:Hl U)\¥3fr 
raphy, the plateau eharaeter of the iiplamis having: lM»<*n laiv<*h"l'^ 
sharp and rn^ire«l forest-eovereil liills having taken tin* plaif "f the 
small, ronnd. irrassv knolls and wide, level bottoms simmi farther "U'WB 

• I 

the stream. Near the in«»iith of Weaver Creek tht* mountains «-|»i^ in 
on tlu' ri\er. and fr<im that point 1o and alM>V(' the mouth of Morrill^ 
Crei'k all <»f the basin lyin;r to tlie .south of the sln^am is very miigh. 
Tln'ie i"^ no arable land alonir tlie rivcM*, and th«» hills an' wcKHliiito 
the top. 

On ilu' south side (»f the stream thr e<Mnilry draining into ihorivff 
below the jnnetion with th«' !\[iddle Fork is eompos<Ml of the iKisinsof 
.laeobs Crei'k and Denton N'alley Creole. Near the river the conn- 
I r\ is iriorr uenllv inlliir:; than farther downstream, and asaf'onsf 
(piener is iiiur'e lariTi'ly rlrartMl, but of the whole an*a draiiu**! I»y 
•lai'obs ( UmIx pr«»bably oiil\ about 1" per rent is eh»ared, nmst i»f it 
ni'MiilH" riKMilli. A -»linri disiaiiee u]) the stream t lu' eoimtry lK'<*oiues 
br(d\eii .trid i-.»ui!li and is JarireU in wiHMJland. Tor almut ^« mil*''* 

• 

abovi' tlh- iiioutli ot" |)«'ii!«ui X'ailey Creek a eonsicb'rabh* |M»rtinii— 
pMNsjIils un«-tliiid nt" iIm- land is rirai'eil, bidn^ iari;ely di-vnted t«' 
liia/.iriir. Tin* liillsidt- sli»p«'s vaiy from !*► to ;»n <le«xrei'S. TIh*!* 
slopes >liM\\ a meat «l«'al it\' evpnsfd limestone. Above this :»-inili 
stretch ilic count r\ iai)i<ll\ bccnnies \ crv roiiirh and ruir:r<»d ami i: 
tfitallv foi'i'vtcd. 

On till* nniili side (if the stream the lojjoirraphy ditTers slight ly froii 
that onthr vnuth side, ctnisist inir I'lii iielv «»f small hills and roini(l«*< 
swells, with a L-nj^er prop(Mti«»n of «-lcarc«l land, raii^inj^ from alwii 
t w«)-t hirtls n\ cr- t he l(>wer pait «>f the basin to three- fourths or mot 
near tin* \'iii:inia line ami around Uiislol, while over some of Ihosma 
di'ainaire basjus. such as that of Sinkini^M leek, more properly know 
as lieldelniaus (ii-ek, I'l'oni *<-'» t«» '.mi per- cent of the land is el(*arcdaii 
uu<lci' cult i\ at ion <»r in irra-^s or pastui'e. Tin' .same is t rue of tli 
area drained byTlunnas Ci-et'k and of the area km»wn as the IIolst<i 
Vallev, theeouutiv beinir almost |e\el and alnn»st entirelv trrass c*)^ 
ered, till' soil beinu for tin- most pait irray ami por<nis, thou^j^h sun 
ureas of ri.'d clay were .seen. On the n«uth side c»f the river, iiej 
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luff Git>% zinc is found in pay ing qiiantitieH and mines are now luMng 

med. There are numerous deposits of iron ore throughout the 

and the same is said to be true of all the counties lK)rdoring the 

bka Mountains. Over the valleys of Spring Creek (the first tribu- 

entering from Virginia), Wolf Creek, and Fifteenniile Creek 

general character of the country is the same as that just deseribeil, 

>bably more than 75 x)er cent of the area being cleare<l, the soil 

dng to be porous and very fertile. Hay and wheat are the chief 

icultural products, and as elsewhere in the region a groat many 

le are raised. Wherever timber occurs it is hard worxl, pine Iwing 

scarce. Near Ruthton the proportion of fonist land is greater 

in any part of this area, and much timber is being (uit, forming 

profitable industry. Lumbering becomes more and more a source 

revenue as the river is ascended. 

lA DRAINED BY THE SOUTH FORK ABOVE JUNCTION WITH THE MIDDLE FORK. 

This part of the drainage basin lies almost entirely on th<^ south 
p'-^ldeof the stream — the area between the forks being too small for 
"^lie formation of streams of appreciable size — and in(*la(h»s larg<^ 
*^Tea8 of very mountainous country which is densely wooded. From 
t-fce junction with the Middle Fork to the mouth of the Laurel Fork 
tike basin is narrow, being shut in by the northward extension (»f the 
Ifolston Mountains, and excepting the land imm<»diat,ely bordering 
^he stream the country is rough and rugge<l, with steep slopes tlensely 
ITorested, the valleys being extremely narrow and (*ontaining little if 
^ny cleared land, the land that is cleared being confined, so far as 
f!Ould be ascertained, to the narrow strip bordering the river, and 
therefore constituting a very small part of the whole. 

Above the mouth of the Laurel Fork the mountains recede some- 
what from the stream, the strip of arable land ])eeonies wider, and 
cleared areas are to be found in the basins of some of the tributaries, 
as on Rosenbaums Creek, where the proportion of cleared land is 
l)etween two-thirds and three-fourths, while of tlu* whole area lying 
between the river and the road from Damascus to Ilolstein Mills 
about one-third is cleared. The area to the south of the road is 
entirely in forest, and the slopes are st^ep and rocky, the country 
rock being still a limestone formation. 

Many sawmills are located near the headwaters of some of the small 
tributaries, and are engaged in cutting the hard-wood timlK*r. There 
are also one or two mills along the stream, but they are cutting only 
a few hundred feet eac*.h day. 

Widner Creek, Rush Creek, Poge Creek, Mill Creek, Grose Creek, 
and St. Clair Creek, all tributaries from the south, are small streams 
draining narrow and confined valleys and rough, mountainous, and 
forest-covered slopes, the small proportion of cleared land in the basin 
of each being confined to the narrow strip next to the stream, the 
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country being rather inaccessible, as roads are few. There is much 
timber, but owing to the roughness and steepness of the mountain 
slopes it is exceedingly difficult to lumber it, so that up to the present 
time very little has been cut. 

There is one notable exception to the general character of Uie 
country along the river, viz, the area known locally as the St. CWr 
Bottoms, situated on both sides of the South Fork between Holstein 
Mills and the Washington County line, extending back 1 or 2 mileson 
each side of the stream and embracing a large area of very beaatifal 
grazing land, a small part only being cultivated in corn and wheat 
These bottoms are broad, and fi-om them the uplands rise very gently, 
the area being prac^tically all cleared. The country rock is a lime- 
stone, a small quantity of which is burned for building purposes and 
to apply to the land. 

Above Holstein Mills the mountains clos<^ in again and as a conse- 
quence the area is more broken and rough. Very little cleared land 
is to be seen either along the river or away from it until the head of 
the stream is rea<?hed, when the mountains again wcede, leavijig the 
broad and fertile area known as the Rye Vallej', which ext'Cnds from 
a little below Dickey Creek to and above the junction of Slemp and 
Cressy creeks, and is rimmed about> by high and steep mountain slopes. 
This valley is very broad and gently rolling, and is almost all cleared 
and in grass. Dickey, Slemp, and Cressy creeks are small streams 
draining narrow valleys and areas of steep mountain slopes where the 
proportion of cleared land is small above the limits of the broad valley 
just described. 

AREA BETWEEN THE SOUTH AND MIDDLE FORKS. 

This area is a long and narrow st rip, 5 or 6 miles in width at the 
wi<lest pari and about 2!) miles long, ni(»asured from the headwater«of 
the two streams to the point of junction, and slopes from the cn*stof 
the Blue Jlidge toward tlie southwest, the area lx»ing alK)ut cciuhHv 
divided betwe(?n the drainage syst^uns of the two forks. 

From the junction of the streams to the slopes of the Pond Mountains 
tlu^ country is level or gently rolling, the hillside sloi>es being slijjht. 
The soil is largely a red clay (luite impervious to water, though then; 
arf^ larger areas of a light-yellow porous soil. The cleared land forms 
about' tliree-fourths of the area and the wooded portions are too small 
an<l as a rule too widely separated to have inu(*h <»fTe(;t on the run-off' 

Soutli of Marion the large sandstone an»as represented by the Poirf 
and the Brushy mountains are all wooded and quite steep. Even 
where \\w timber has been cut away tlu» smaller trees and underhriish 
have grown rapidly and cover the ground with a dense shade. Some 
of the slopt^s, lioweviM-, are composed largely of a si>ecies of tairs 
small angular fragments of the stone eoniprising the nuiss of the 
uplift, covering them in placets to a depth of several feet, where the 
growth is aparse, consisting of small bushes and straggling trees. 
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RAINFALL. 

nie annual rainfall over the basin of the South Fork is compara- 
bly large, averaging probably between 40 and 41 inches per annum, 
minishing somewhat as the stream is ascended. Over all the basin 
BBummer rainfall seems greater than that of any other season, heavy 
llistorms being of frequent occurrence, causing large* and rapi<l rises 
.dlof the streams. Severe droughts are relatively infrequent and 
%8oon broken. The drought of the summer and fall of liiOO was 
dd to be the most severe in the history of the region, and it is t l^ought 
Utthe low-water gagings made at that time represent the minimum 
iaeharges of the streams. 

FORESTS. 

The forest growth of the basin is mostly oak, chestnut, and pine, 
ith some spruce, walnut, maple, hickory, Iwech, birch, dog\voo<l, 
lerry, ash, locust, and poplar, and still smaller (iuantities of othtM' 
oods. There are import^int lumbering industries, notably those near 
ristol, although throughout the area numerous mills, large and small, 
« working up the raw material. In many places hirge ciuantities of 
nbark are stripped, much of it going to the great tanneries at Bris- 
l The chief industry of the region, however, is cattle raising, large 
ambers of which are shipped annually from this section. 

MINERALS. 

Iron ore is found at a great matiy points within the basin, and is 
>ing mined at some localities, although from some cause the business 
ems to l)e languishing, most of the furnaces biding out of blast. 
DC is found near Bluff City, Tenn., and gold, barytes, and fluorspar 
e found in small quantities at various places. There are large 
posits of gypsum in the valley of Walker Creek ; sandstone, granite, 
d dolomite occur in small areas; and limestone of excellent quality 
found in abundance everywhere. Near Marion, Va., the limestone 
quarried in considerable quantities and is sliipped to the alkali 
rks at Saltville, Va., where there are extensive saline deposits. 

TRANSPORTATION. 

The basin is traversed by the lines of the Southern Railway as far 
Bristol. The Norfolk and Western Railroad extends from that 
nt the whole length of the basin, and the Bristol and Elizabethton, 
; East Tennessee and Western North Carolina, the Holston Valley, 
i the Ohio River and Charleston Railroad afford comparatively 
>d communication with the greater part of the area. 

DISCHARGE MEASUREMENTS. 

>uring the investigation many measurements were made of the 
er and its tributaries, and one gaging station was established in 
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the hitsiii. vix, Ht ItliifT City, Tenn. Thf iiiiMtvlluin'oiiH mea 
tiiiidi! on \hv Soiilh Koi'k jiikI alKoilnnte iiiutli^ at I he ;;a)nii);sl 
Kivi'ii ill Ihi' fdllowiiiff tiihlv. Th«f mciisun-uu'iils made on iheMj 
tiirifN mi- ^rivt'ii in Hit- i»liU' <ni {iiitrc .V(. 



Jnly IT IllutI 

Auk. in ■ 
A-i<t.sa . 




A wiili-i- imwiTol' <'<insic|i>i-;ib1i- niii^iiiludcoLTi lio (]i'vc1i>[k-<] !i1 lUuff 
Cily. T.im., wlii-ri- Hi.- Inlal jivailahl.. fall is b.-lw.-.-ii l;i nntl :^(i feel- 
■{■|i.-oiil\ lis.. ,ir ilic pi.w.Tiil |n-i-s<-iit is l>,vtli.' lilnir City mill, a flimr 
uifX tiiill lijiviii;; a i-ii|)ai'ity of ')ii l>arn'ls jht Iwcnty-fniir limirs, iisiug 
a I'iill iif tVotii .'>; tn i; l<-iM, whicli willi otu- :i.5-iricli \'i<.'lor liirliine 
dcvrldiis ;il)i.in :]i> iiiir'M-|jii\viT. I'onaiTly tliiTt> was a small (viltno 
mill li.rat.-.l li.-M- «lii<-li iis.'il alu.in 7 T.-rt of Hi., fall, l>nl llmt is no 
loritr.-!- ill o|j.Tiilii.ii. ,\ ili.v.'lo|)iiii'iit of powM- i-oiilil t-asily Im' um\t 
jil this |)hn.-. ihi' liv. r U'ln;; miirow, wilh hlfth liliilTs on wwh siili-. 

Al><>v<' ihi' poii'l of ihr lUiiir City mill Ihi- sl.i'i<am is coniiiaralivi.-ly 
pla<-iil until Jii.-I Ih-I.hv I hi' mouih i.f Dry Ci-ock, wh.'i-.' ihriT isa nhtw! 
havitic a fall ..f alioiil ^ f.-.-l in 2(mi yanl^. Tin- |j.-,l ,if tin- riv.-r is 
very ioiij;h, liriiij: ri-.tssiMl ljy si'V.Tal li'(l;:i'S of nn-k ami <-«nilaiiiiiip 
many iooM- iLnvIdcrs. Tin- hanks art' nilhcn' lnw, buiiij,' unly iiltout 
in IVi-t ahi.M- low wat.-r. 

McCli'lIan"- mill, the lii'sl mill on th.' riv.-i' ahov,- ISlnlTCity, isiiiUlit 
north hank of tlir sli-.-aiii ahiiiil ."xi yai-.ls ahovf tlu> laoiith <if Weaver 
Cvci'k. It is a small i-omhiiifil sawmill, };rislinill, anil L-aliinel shop. 
iisiiit; a small amminl of imwci-, whi.'li is ohiaini'il from an iinilcrHhol 

whi'.-l ami a Ii<.iii.-ma.l.> tiiliwl I. hnth iisin;; a li.'aii of jiltont l f(*(. 

prai-ti.-ally all that is availahh-. It i> sai.l thai i-iirly maplwand nirly 
hirt-li ai-f In he fouml lioro in (-onsi(li-i-ahli> iiuantitics, ami that other 
"■ * cabim-t woods abound. 
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there is one small shoal iu the river lietween MeClellan's mill anil 
d mouth of Beidelmans Creek, but the fall is sli^cht an<i th«* l<M*alit y 
no practical importance. At the time this stream was first visitfHi, 
the latter part of July, 1900,' almost all of the small tributari«*s in 
18 part of its course were practically dr>% the largest carrying; less 
an 0.5 second-foot. The stream itself between the iK>ints men- 
oed consists of a succession of still pools, se^'mingly quite deep, 
th a verj' low current velocity broken by short shoals wht-n* the 
pth of the water ranges from a few inches to about 1 foot, flowing 
6r and among water-worn pebbles from 3 to •) inches in diameter, 
ih occasional rock ledges crossing, where the principal falls are 
ind. 

•"or some distance upstream from the mouth of Thomas C'rc*ek the 
Is on the north side rise rather .steeply from the river's ed;:f* to a 
ght of several hundre<l feet, and the valley on th*^ south side is 
eh narrower than those heretofore descril>e<l. The rouiitrv nn'k 
ng the stream is a much jointe<l and laniinate<l gray or bhu-k slate, 
king to the northeast and dipping almost vertically. Tin* rivrr 
rsover the upturned edges of this slate, making a viTy n»u^h <*haii- 
, but one in which the fall is well distributed, thiM-e Irmii^' little 
iceable concentration at any locality. 

ibout 20() yards below the mouth of Riddle Creek th**n* is a small 
1, known as Rosenlwium's mill, which diverts a few s«M-ond-feet of 
er from the river by means of a h>w and loosely jiiled rrx;k wing 
1, a fall of about 5 feet being obtained through a race 15" yards 

.bout 1 mile l)elow the mouth of Fishdam C'riM.*k and just alK)ve 
mouth of a small unnamed branch there is a fall of o feet in MX) 
J over a rough and rocky bottom, compose<l of angular ]>owi<lei"s 
. rock leilges. There are high and rocky bluffs on the north side 
he stream, but on the south side the banks risi* to a height of 
ut 10 feet, and then a broad meadow slop<?s grntly away. The 
lities for building a good dam and a race at this point are exeellent. 
ust l>elow the mouth of Fishdam Creek is one of tin* finest mill 
s seen on the river. The current is divideil by a small islan<l, at 
head of which a low loose-ipck wing <lam has been built, diverting 
uall part of the current. Another dam has l)een constructed about 
rards above the foot of the island, a total fall of 1» feet being thus 
ained, which is used by a small sawmill and gristmill requiring 
bably alxnit 2 horsepower, which is develoi)ed by a small flutter 
?el. This mill is said to have a capacity of (KH) feet of lumber or 40 
hels of corn a day. Power in large quantity could very easily Ire 
Eiined here, and although at pixisent the locality is somewhat inac- 
rible, the grade<l way for the llolston Valley Railroad passes the 
I and the track construction work is only a few miles distant, 
ishdam Creek enters the river at the elbow of a great bend kno^vn 
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locallv as tli«* l[firs«*slHM» I»<»nd. If the river Im* followed ihedislawj 
around tliis Immi*! !•<> a)»(iiit l» miles, hut tlH» distance Hfiiiss tin* narrof 
pniiit of tile iH'ck is <»nly alwiut "J<m» yanis. This iieek is imv.lieliigifc 
its hi;rlH'*»l pninl only frc»ni 4n to "lO feiM ahove river lo\>l. Froil 
water lo \val<*r a<"ross the n<M'k then* is a fall of l»elwtH.'ii Jo and 3D 
f«*(*l. as deterniiiiiMl hv ilu* anoniid hanmieter. It is stated tliat tliiii 
neck Uii^ U'en leve|«M| over and tin* difTen'iiee in elevatifiii in the; 
water snrljUM'.s mi thr two sidrs d(*t<M'niined lo 1k» l*'J fe<.*t. Sii«uklit| 
he dosiretl to devi'lop this power, a tunnel or an oik*ii eanal <f»iild 1)8 
made across the ni*ek and all or a part of the flow easily Ik* turned 
lhroii;;|i it. On the noilh pron^r of the bend the riviM* is ratluTwide, 
hiit a low dam could easily Im* huilt, an<l tln^re aiv larp' areas of well- 
l»rotect«'d hoiiom land, lyin^r well alM)ve hijijh-water nnirk, whiehwonU 
alTonl ample room for thi» necessary huildinji:s. The country nifk 
here is a much laminated and jointed shite, not suitable for buildio}; 
purposo. 

Tile next shoal on the river is just above the mouth of Sharp CwA 
and the Shady h'ord. The river Ihmh* is full of ishmds larp* awl 
small, and the fall Is hi'avy, bein;r about 20 feet in a distam**.' of l«J 
than a half mile. The wat*'r could easily \w carried alon^ tliesnilh- 
east bank ami nse<l where «lesired alon<;the river; or by a shtirt »'Xl**n' 
sion the i-ac«- mi;,dit be carrie<i aroun<l a small hill ami Sharp Crwk 
be used as a lailrace. 'I'he west bank ishi^^hand roeky, with nuraer- 
ons bliilTs. and larL'e <iuaiitities of stone suitable for rou^h huildin'^ 
opeiat inn> »'oiild benbtaine<l fi-om it. Plenty of timlH.»r is to Iw found 
in I he immiMJiale \ icinit \'. 

Stniie distance above this shoal and about a half mile belowlk 
month fit" .la<'obs Ci-eek llu'ic is a shoal having; a fall of <» feet in i^''' 
fiM-i, with a bmad bottom on the w<*st side and a hi;rh, ri>eky blulTon 
the ea>l ^ide. This po\\ei-. jinwever, is not considered of importance. 

P'r«»m this [M)int to the Jnn<*tion with the Middle Fork the river 
could not be <'h»sely l«)llowetl, but several localities with falls of 
between ») and 7 le<-t were iioti'd, the first onealxuit '$ miles below the 
folks. About a half mile above this fall there* is a similar slioiil. 
about I juile Im'Iow I he forks thei'c is another, while imniediatelv alwvc 
ilie folks there Is one ha\in;: a fall of about s |\»et in lOtJ vardswhii'li 
could easily be developed, as t he banks are \<'ry hi'jh and stiM»p. Tlit' 
lied oi the liver is in -^olid linu'sione an<l sci'inin^rly is v<M'y rou;rh. biH 
the stone in the hluiVs (jiiari-ies well, and a consid(»rable quantity ha-^ 
reeeiith hccii lakeii oui t»»conslrucl the piers for the bridtre of tin* 
iM'W I'aili-tiatl from .\himr<lon ti» the Shady N'alley, which crosses tlu' 
i-i\ er at this point . 

About a mile above the junction with the Middle Fork is (ilenn's 
mill, a uristmill iisiuLT about lM horse]>ow(M', which is devi?h»[K»d hvii 
iM-iiM-h tur])ine working under a head of 7 feet. There is a lo<)sr 
roek winjrtlam which turns a small ])art «»f the wat<'r behind an ishin«l, 
at the lower cud ol which a lu^; <laiii 7 A feci hi^jh has been built, from 
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Fnnu ''his :••::.• 1: • ^ • ".' i. -^ >- ' 
then- .in- ii«» ::-ill> .:. '''-- "^ .'': •' t*. "i 
wen* heani "f 'i^^L: •:. :l "':.- %.-.*" : •> 1 ►tt. • 
wliii-lj hav.- ''i-^:. ■*;i'"ir-: i-.^ 
siilije«-T. Al"'u: - I:.:!-* '*•-. - r* • :. - .' •• -.- " ►-' - "■ '...-. : 
ontliN par? «»f 'h-r rivrr 1:.". ";.• :..; ■• ■ - •-- - - ?».:. •*.. i> 

tin* Ikiii'liaiian -^it*-. utA .' ''* -".»''-. ".-r " . •- .- : •■ ■' y .1 ■, -r;. 
jrojMl ;:ri>tinil: h^r»-. r..i: !.v.ir".;. i . •• -^" j- * : * . ■ . ^i- ;-■..:■■-•. 
IV fall u>»h1 Wits a'f"»'j: li* f»^'. ':. :j'. » ' . J'- r- ' :.».. :. : -• 
iiiadt' availabln ]»v ihr t.i ♦!!•'■ r:*-" •:. : ^ *". '.i' • .•'■.. '. •..*>- 

mad** fnim 4«* tn ."••• f*-^! h:jh "»:••.■"• *' ••: :.j .1' ■ *. .1. ;.i':'.» '..r. '. 

AsliDFt «li>lani'i- al.»uv»- P'r:'-!.*:*'/.:- .'• V ».■.*<» ■ ... ;» ■.-•::.•■:...■ N:i\v- 
null. irristiiiill. aii«l pUuiii:: iiiill. •.;''. !;j 7* •.■•r^-: -w r, \*':.:l:. > \r\v\- 
f>l)e<l l»y tlin-*.* Sin-ti-sai lurMn*-* «•:' l4. -7. ;i:.-. .!..•:.••'* •::.;••.»•":. r. 
resiH-'Ctivt'ly. all wnrkiiii: iiiitl»-r a }i»-a»: ••:" .1 :"•••* ri.f r.::'.»r .i" ::.:> 
mill Stat* •d that h«* tia<l ni»*a>nr^-«i •!*»• ::'.•■' a" •< '.•■\\f^* ^:;U''- :t!'.«i 
found a flow I if .Sj""« eul»i«* f».-»-? !•♦-!• iii!!r.r«-. l!;- «lai:: is "i ::!i:i»fr 
frames planked on the npsTn-am '*i«li-. ii' :*•' \:\^)\ .iiid .44 u-v: l«»nu. 
forming a jKmd 5tN» yanl> luni;. Tli»- >auiiiil" \\a^ a rapacity .if •.•'•'<» 
feet li. M. |M.M' day. and tin- L'ri'^iiiiill a «apar:!y **i i- l»a?rt!>. Tlu* 
year miind then* is plenty ni water !«• run all nt" ilif maihiniT} in 
^liis mill at tin* sain«* tinn*. It is rstiniai«Ml ihai with a lirad of \'2 
feet the river at this iniint lias a tlnw MiiVii-imi h» dov^lop ll'i not 
"orsei)ower, and that fnini this ptiiut tiMlu- iniMniini ihr I.aiiri'l Fork 
I'^^Uiorsepower oonld Im* dev«*loprd ovitv iiall iiiilr. 

-'V bout 4 miles al:H)ve the Vail mill i> L»»v*''> nnll, ItM-attMJ just hoiow 

'"e Smyth County line. This also is a iMinil»inr(l sawmill. irristmilK 

*'^'« planiuK Uiill, and 1?* ^'*M to use :{•'• horsei»o\\<»i'. de\ eloped h\ a 

-'"iiieli Success turbine rat(Ml at -« hoi-sepower when worUinir under 

'iearl of 1) feet, an<l three wooden tub whrels developing; a loial of 

"^Ut IV) horsepower. Tin* dam is of tindier frames planked on the 

Psti"eain face, and is in fair eon<lition. It is \) feet hi^h an«i ir»n fei'l 

/fr' It backs the water a distance of thrc»e-f«uirths of a mile, Mien* 

^is" iittle slope in ilw river above the dam \mV a *• ••^*^v\v\%\v \\>J\ 
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.iii>i Im'Iow i!. 'I'Ihti' is iiii rjn'O. a w<><xlon flmin* «»M fit*i liui^r ••arning 
till' \vat«-r finm I In- «l:ifn 1«» IIh' wIhmOs. 

Tin- ih-M mill on tin- rivor is llio St. Chiir iiilltT mill. loi-aTiMJ iilwut 
J niiirs Im'Iow lilt* lldlstfiii mill, at IlolsttMii .Mills, in llif ansi known 
as tin* St. (lair llnttoins. TImmi* is a fall «»f about in fi»t»talthtf 
plai-« . an<l th*- puwoi* ns«'«i is <1i»v<^1<»|mm1 l»y oiu* i*«»-in<*Ii Siicci'ss tur- 
liiiH', rat»M| ;ii l'«i lini'srpnwpr; <»!H' .'Jo-inrh L<*tTrl wIhm*!. Si-juidanl iwt- 
tcrn, lati'il at -*'• li«)rNi«|Ki\v«T: ami nnr -Jn-inch nurnhani Urothers' 
\\ln'««l. ral«M| at Jn Imrsrpuwi'r: making a total of ii"i hoixrpowiT when 
all of tin* mafliincry at tlir mill is in operation. ThiMlani is a timl)er 
<*ril» NirmMnn* piankc*! ovn- f)n tin* upsti'C'am fa<M», 7 feol liiirli ainlli*J 
f<M*t liMiiT, l»a«-kinuMln' \vat«T aliont .'mmi vanls. Tin* racM- is -*?o vanls 
lonir ami triv«*s a fall at llir w1hm»1s of lo f(MM. 'J'lio mill is ratinl at 43 
iiarii'ls pi'i" ilay ami has a capacity of lict\vci»n -<mi and :i<h» ft^'t of 
lumi»cr. At till- lowest sla;rcs n\' (low tlicn* is not cnon^rli water in the 
ii\rr III iliis pail n\' its coiirsi* to oixM'atc all of the mai'liincry in the 
mill at the same time. 

'['he next mill on the stream is the llolslcin mill, a comhin«*(l .siw- 
mill ami mist mill. <'vi«lenlly very (»l(l ami jrfcatly out of ii'pair, iisiii;! 
a fall of I- feel ami an unknown amount of p<iwor. 'I'liis sit«' isa 
\('i'y liiK'one for a small plant. The dam is of timber frames |>lankeil 
on tin* iipsln-am faei'. and is very leaky. It is 1- fe(»t hij^h and nt*arly 
lMmi itM-i loiii::. 'There is no race, a short wooden flume leadin.i; the 
water direct 1\ i»» t h«' wh.*eN, t \^o homomade afTairs built on the turbine 
prim-iplc and > ieldiiiL^ an unknown amount of power. 

Aboiil !<»»» \ai«ls below this site is the site of an old woolen mill 
ahandtiiH'd about l«n vears airo. Here thert* was a l»-foot dam aUnil 
|."»«' tV.'i I(.im. Ai lirst two small turbinc»s w<»n' used, but tlii'S** 
nMpiln'd NO Miiich waiei- that a raci' was dii;; from tin* dam i>f the 
upper mill, and a iueasi wheel 1 I feet in diameter and '.♦ ftH»t face wa> 
iiislallt'il. riiiN sitf is N.iiil lo 1m- one of tin* l>esl <ui tuis part of the 
stream. suiial»U' lor aii\ kind of a mill but pai'licularly atliipted for 
a w»)oi«-n mill. rih- mill pioperty im*ludes dwollinjr houses, school, 
and rliiireli. all in uood r(-|)air. The mill building has bivn torn 
dtiwn. liowf\»r. and any powrr development wcudd havt* to Ik* inaih* 
from (In- be-inniiiL. Tin- valle\- above this mill is nuM'<» liillv and is 
narrowi'i" 1 li.in iliai Im'Iow. wlijrh, part ieiilarly in the part, known as 
lln- St. (lair lloiioms. is very '»road. beini» I miles or more wideband 
exteiidini: liac-k in a umilf risr to the loot of the nnuintains. with 
prat'i i<-ally all «•! tin* land rU-ared. 

Abn\e this ilM-r«* art' no milN on the slr«'ain until the Rye Valley is 
reac-lii-d. In tin" npjMr part oj" that valley there is a small ;;ristniill 
o|)eratin.i: one pair of stones hy ;i la r.iXe overshot wlieel an*l usin*: a 
vcr\' small amount (»f p»)wer. It is onlv '» miles from this mill to tlic 
head of tin* stream, and above it the ri\er is too snuill to furnish 
Dower in a|)pr<'eial>le «|iiant it ii-s. althoULdi throuLdiout tlu.» upper part 
')f tin* stream, from the St. (lair lioUuuis i<»lhe head of ihe river, the 
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fall is ver}' great, the stream being almost one eontinnons rapid. A.s 
4eterinino<1 by the aneroid barometer the fall between \hv (*nd of iho 
ligbend imme<l lately below the Rye Valley and the first ford Indow — 
adistAneeof aliout 1 mile — is 20 feet; between that point and \hr 
nonth of Pomer Creek it is 30 feet; l)etween Ponu*r Ci*e4»k and th«» 
■ river surface 2 miles above Holstein Mills it is 14U fe<*t: an<l lM»tw(»en 
the latter place and the ford l>elow the old woolen mill— a distanctMif 
about 21 miles— it is 150 feet. Through the St. Clair Hotl<mislhe fall 
Is much less, but it is still large, and there are many places when* 
falls of from 10 to 15 feet could l)e utilize<l by the construction of 
dams of suitable height. 

TRIBUTARIES OF SOUTH FORK OF HOLSTON RIVER BELOW 

JUNCTION WITH THE MIDDLE FORK. 

DISCHARGE MEASUREMENTS. 

During the investigation the drainage basins of all the important 
tributaries of the South Fork were visited an<l measurements were 
made of mast of them. The results of the m<»asureinents on t he tribu- 
taries 1k»1ow the junction with the Middle Fork aiv given in the fol- 
lowing table, in order upstream: 

Discharge measurements of tributaries of South Fork of Ilohiuu River below 

junction with the Middle Fork. 



Date. 



19011. 
Sept. 25 



Stream. 



Hatcher CYeek 



July ao Sinking ( :reek . . 



Jaly 29 
8ept.35 

Jaly io 
Sept. 25 
July 21) 
Sept.iS) 
July 3» 
Sept.ijit 
July 21 
Sept.Stt 
July 21 
Sept. 27 
July 21 
Sept. 27 
July 21 

July 23 
Sept. 27 
July 21 

Sept. 27 
July 23 

Sept. 27 



do 

do 

Thomas Creek.. 
Riddle Creek... 

do 

Jonah Creek 

do 

Finhdam Creek. 

do 

Sharp Creek 

do 

Jacobs Creek ... 

do 

Spring Creek... 

do 

Wolf Creek 



do 

...do 

Denton Valley 

Creek. 

do 

Fif teenmlle 

Creek. 
do 



LfOcality. 



Hydr<,«r«pher. ^V*,X charKe. 



One-half mile alx>ve mouth. Ton- 



, Feet. 
E.W.Myers \ 5.92 



One-half mile abr>vo Pap(>rville. 
Tenn. 

At mouth, Tennefwee 

do 

Below railroad bridjre, Tenn^'ssee . 

At mouth. Tennniwee 

do 



L. V. Branch 



.do 

.do 

do 

.do 

.do 

.do 

do 

do 



I mile above mouth. Vir^iDiii 
do 



Lower ford of main road up the 
river, VirKinia. 

do 

.....do 

At mouth, Virtnuia 



E. W. Myers . . 

do 

do 

do 

... do 

L.V.Branch.. 
E. W. MyerH . . 
do 

V. Branch . . 

W.MytTH . 

do 

L. V. Branch . 
E. W. Myers . 
L. V. Branob . 
E. W. Myers 
do 



L 
E. 



3.t»i 

4.92 
4.42 I 

i2.'i9 ; 

11.13 ! 
11. (M 
11.42 
5.25 
5.2B 
5.;i6 , 
5.33 
9.10 



Set. ft 
(1.34 

3.4^ 

11. (Ml 
9.(H) 
2.44; 
2.(111 
3.0(1 



0.90 



do 
.do 



L.V. Branoh 
E. W. Myers 
L.V. Bramh 

E. W. Myers . 
L.V. Branch. 



.do E.W.Myers 



2.35 

2.36 ; 

2.21 

5.73 I 
4.45 I 

4.23 



4. 
4. 

5. 

•.. 

1. 

1. 
•> 

o 



.00 

(Ml 

.85 

47 

IK 

19 

(17 

(M) 

13.00 

10.00 

7.00 

7.00 

12.24 

0.00 

4.(H 
7.37 

10. 4« 



Note.— In making the measurements recorded in the above table, bench marks were estab- 
lished and measurements were made, by m«.>au8 of a steel tape, of the distance from the bench 
mark to the surface of the water. An increase in the gage height, therefore, means a Irtwering 
of the water surface and a corresponding decrease in the discharge of the stream, the reverse 
of the results at the regular stations of the Survey, where gages are installed and where an 
increase iu the gage height represents ati increase in the discharge of the stream. 
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Oil llir r()ll<»\vin;r piig<*s iiiv given brief descriptions of the dniinijl 
Imsins Hn<l water |M)werH of the prineipal tributary streams in ttii] 
]H)rti(ni of tin* basin of the South Fork, in orch^r u^Kstn^nii. 

INDIAN CREEK. 

The fii-si tributary inv<*stipit<Ml was Indian (rreck, whieh enters froaj 
the south, n<*ar HlufT City, Tenn., and has a total IcnjiTth of aliontT] 
miles, following its win<lings. Tlie eountry r(H*k o!MM»rve<l (iverthj 
Iwisin was a slat<», brown ish-blaek or gray in c^dor, niueh laminatel: 
aiKl broken, striking X. 7n K.^and dippingsharply to the south, fm! 
sn to s,*j dfgHM's in sonio rasi*s. As the mouth of the stream^ 
appr<»aeh<Ml l«Mlg<»s of lim4»ston<' nmde their apiMmramei' on thetopsof 
tlx^ hills. 

For the fri'st '2 or '.\ miles alM)V(> the mouth the toiM>gi*aphy oonMll 
of low, rouiuled hills and broad, flattened swells, eleai'ed to the top 
for the most part, and under eultivat ion in grain or grass, the arei 
lM»ing about «M|ually <livi(h*d ]K^twe(*n those pnKluets. The woodland 
in tliis part of th(» basin amounts toonly al)0ut lOpereent of the are*, 
but astlu»stn»am is ase(»nded the hills are higher and more ruggrf, 
with stei'iMT si<b» sloi>es, and the pniportion of eleai'ed land is mucfc 
smaUer, iM'ing not more than one-third in the upiK*r part of thelMsin. 
()v(»r the lower part of the area the woods are <»on4M)siHl almost 
entin*ly of iinrd-wood tnM's, but near the headwat<»i's tlH^se give pto 
to pilie. 

The fall of 1 lie stream is large, being l)etwe<*n 4»5() and .'»(M) f(M»t, aver- 
aging b4'tw4MMi i\'i and 70 fe(»t to the mih». Very little of it is utilized, 
liowevei', Imt there are three small mills, ea<'h using from 10 to 12 feet 
and oj)eiatiiig our jKiii* of stones by means of ov<M'shot wheels. 
Although tlirsr thiec mills use a very snuill amount <»f iM>wer, at the 
tii]ie Hie stieam was lirst visit<*d, in July, IIKH), it was < carrying to<> 
littl(» watfi- to operate them. Tlu' flow at the mouth was estimatedto 
br al)ont 1 enbie foot ptM* second, tliougli it eould not be measured, 
owing to the sliajK' of the ehannel. The liillside sIoim's vary from lo 
degrees m^arthe moutli to Tio or «W) degr<M\s near the liead of the stream. 

In the tiist - oi* ;> miles above the mouth of tlu»ere(»k trae«»s of three 
well-<l('line<l stieani terraces were observed, tlie upper om» l>eing the 
uplands, the sreond one a narrow strij) of level land lying from 20 to 
L^^ feet above the piescnt level of the stream, following its eours(» hut 
from IMM to l'>n yards distant and sloping down very sharply to the 
lev(d of the ])res<'nt bottom lauds, which constitute tlu» thinl memlier 
of the series. TIm.' (lesc<Mit in manv cases is almost vertical. 

l>etwr«Mi the mouth of Indian C'n»ek and the Dry I>ranelK the next 
tributary upstream, is an old mill known as Worley's mill, not now 
in oi)eratiou, which was run by water from a big spring or sunken 
cr(M»k. At tin* time this stream or spiing was visited it wa« earryinp 
a «iuantity of walci* too small to operate the mill, but the diseharfrt 
'r//.s estintniiM to be approxiuu\\e\y '2 seeo\u\-U^v.A . 
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DRY CREEK. 

Ory Creek, or more properly the Dry Braiieli, in the next trilnitary 
3ve Indian Creek, and like that Htream it enU»r8 the river fnmi the 
ith. It has a total len^h of alxiiit 4 miles. The drainage an»a, 
lich consists almost entirely of gentle swells and small grass-eovere<l 
fpes or hills, is largely cleared land. At the time the stn^am was 
lited it was estimated to Ik* carrying abont 0.25 sec<md-foot, the 
lount being too small t^) me^isure. 

WEAVER CREEK. 

Weaver Ci-eek, the next tributary entering from the sontli, has a 
bal length of l)etween 5 and G miles. The jiart of the drainag<^ basin 
ing near the river is very similar to the basins of Indian Cre<»k an<l 
e Dry Branch just described, but as the strt»ain is ascended the 
untry becomes rapidly more steep and brok«»n, on account of the 
ling spurs of the Holston Mountains. It is estimated tliat two- 
irds of the total area drained by this creek is ch^annl land, th<* 
e great^^r part of it l)eing grass covered. The <lischargc was esti- 
ited to be al>out 0.5 cubic foot per second, the quantity Inking too 
lall to admit of measurement with a current met(M-. 

HATCHER CREEK. 

The next tributary is Hatcher Creek, locally known as Tow String 
eek. At the time of the first visit, in July, this stream was dry, 
rrying no wat<3r for a mile or more alx)ve its mouth; but at the 
ae of the second visit, September 25, although tho str(»ain discharged 
watetr into the river it was carrying 0.34 second-foot about a half 
le above its mouth. This flow, however, sank gi'adu ally intothoearth 
thin a distance of about 100 yards. The discharge was gaged just 
ove this sink. It seems probable that this stream would Ix'gin to 
icharge water into the river when carrying a small ([uantity more 
an at th(» time of measurement. Its flood discharge is about 4 feet, 
d like the other streams in the region it rises and falls rapidly. 
A great part of it« drainage basin is in fon^st, and the charact<»r of 
e t<>pograi>hy is much bolder than that of the an^as lying farth«»r to 
e west, the hills rising higlu^r and the slopes l)eing much steeiK»r. 

MORRILLS CREEK. 

The next stream entering the river is Morrills Creek, which is about 
miles long and drains a larger area than any of the foregoing tribu- 
ries. Near its mouth the character of the topography is similar to 
at of the other basins described, but as the stream is ascended the 
mntry becomes very rough and broken and the hillside slopes very 
lUgh, rocky, and steep. There is much cleared land near the river, 
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liiit Ml tar as imiuIi] )m* asccrlaiiUM] llicn* is hoik* near lluf hcatlwaterb 
I)i*spit»- ii> lariri' <lraiiiaui* liasiii, tin' aiiionnl of \vat«'r csim^lhytliil 
(*r(M'k at iis moiitli at llic linn* ii was visitvd was 1(N) <iimll luadmil 
of iiH'asiiri'iiH'iil witli a <Mirn»iit iiiotiT, Init it was irstiinatHl to b© 
alioiit I riiliic font pfT s<'<*iiii(l. 



SiNKT.VCi CREEK. 

Till' iK'Xt iriliiitary tin* lirsl of iiii]MiTiaiK'0 ontorinjr from tie 
north- is Siiikiii;: Cn'ok, iiion* ]>roiM'!'ly known as l>ri<1i.*iniaiis(-reek, 
lor Sinkin^r ('i'<'4»k is projMM'ly a small tributary of tin* lait**r strean. 
It lia^ a total Icnirt li (»f alxiut IJ mih^s. TIh' up]M*r pari of its baitiii, 
from l*ap<'r\ill«' in tin* hra<l, is liroad an<l flat, (*onsistin<;of low riilgn 
an<l llattnuMl >wi'lls riiltivatrd to tlio lop, fii»m s;» t«»'.Hjper t-entof 
tin* ar<*a iM-intr <'l«'arr«l lan«i. From l*ap«»n'ill«» t«»wanl tlit* moiitluhow- 
«'Vor, fnr alHHit l* mili's tin* hills rhisi* in on tlir stn»am, thoreiscon- 
si<hM'ahli' fall in tin* chanm't, and i)rae1i<*ally none of tht* land is 
(■h»anML thi* hillsith' slopes In^in^ too ste«*i> an«l rocky to a<liiiitnf col- 
li vat ion. I'.rlow ihis short strip lh<» «'hara<*l«»r of tlu* country is similar 
to that of thr uppi'i- pari of tln^ basin. The tinilwr. which iKX'tiT* 
larp'ly in tin* J-mih' stn'trh just noted, is almost all lianl wikkI, and 
lumbering' is an important industry. So far as known then* are no 
miufs or minerals in tlic basin, though larjre <b*iMisits of iron ore are 
t'ound not far distant. 

Tlnr«' art- a nninlM-r of mills on Sinkinfjf ('nM»k,aIl witliin the --mile 
^ti«'trli dfvciiJMMl. whcri'tlh' stream lias rut its wav throutrh the Great 
l\nol>s, h'a\ iiii: a vrrv rouirli and sttviM'hannel. Tin? fii>jt one isul)OUt 
a hair mill' alnivr the mouth of thi' <*)*('(*k and is known as IVideliiian's 
mill, li is a >niali irristmili H|)<»ratin^ two sets of st<»nos and usinjjti 
fall nf alioiM > fiM'i. ilh» power b<Mn.ir developed by a 14-ineh Tiirhine 
yieldinLT aboul 1<> horsi'powcr. The (lam is of w«»od, about L^l fwt high 
and Jniiffct 1(111^^: ihe race is ahout 1< m J yards lon^, in earth and wiMxleii 
Hume. 

Some distain'i' alnive this and a short distance* Iwdow tlu» villajrcof 
Paperville i^ Xutly's woolen mill, whi<*h usi'S about 14 hoi'seiKiwrr. 
deveiopiMl by a I 1-iiich Little (iiant double turbine working under a 
head of l-I I'eei, which eouhl be increased to 1«» f<»e(. This laill 
operates one sei i)\' Woolen machini'rv. 

About Jnn \;ir<ls alM>\e Nutt\'s mill is r»ru(*e's null, which uses a 
fail of .I") ft'et oil a IJ-inch James Davis t iirbine yiiddin*^: I:] hoi"so- 
power and opi'iaiinir on«' set each of ccn-n and wlieat st ones as well 
assa\\mill ami jilaniii^ ma<'hinery. There is no <lam at tliis mill, tlio 
water heinu t inih'd «lireetly into th«' i-ace. There is plenty of water 
exeept wln'il themill> aliove chise dtiwn. 

A1m»iii -<h' \ ar<ls ahove Urm-e's mill is the planing mill o [h* rated hy 
.1. T. Nuity, wheie about N horsep<>\>er is devclop<»d by a 1^5.1-inch 
Huridiam luibine working: und4*r a 17-foot hea<b wlii<»h is used t«» 




TRIBUTARIES OF SOUTH FORK OF HOLSTON. 57 

rate a full line of sash, rloor, and blind machinery. The dam \h IH 

high ami 3<» fec^t Umi:, making a pond 200 feet in length. Ther<» 

at all times plenty of water in the 8tn*am to <levelop this jKJwer, 

it is stated that the fall eoiild easily be iiu^rease*! to 24 feet. 
A short distiince al)Ove the Nutty planing mill is 1 lie sawmill <)iM»r- 
led hy J. H. Miwldox, where the fall is 18 feet, alnmt 10 h<>rs<»iM)W(»r 
ling developed by a homemade wheel Iniilt like a tnr])ine. The 
nt consists of a small sawmill, including planer, turning lathe, and 
pair of corn stones. The dam is 60 feet long and 3.J f<»et high, back- 
water to* the tailra<*e of the mill above, a distan<M» of alnnit MK) 
8. The rac*e is of woo<l and is 96 feet long. 
?. One hundred yaixls ulxive the Maddox mill is the flouring mill of 
g^ <Bie Farmers' Milling Company, located in tlu» village <»f PaiK*rville. 
;. Tliis is a 40-barn*l roller flour mill operat(Hl by an lH-f(M)t <)vei*shot 
"lAeel of 4.} feet fiu?e, which is said t^) furnish 20 hors4»p<iwc»r. T\w 
A>w of the stream at the time of th(» visit in July was said to 1h» 
SQiBeient to optM'ate the mill only alxnit half the time*, hut. for niiH» 
Bonths of the year the stream furnishes wat^M* suifu*i<Mit to run the 
mill night and day. A gaging was made of the water in this flume. 

The next mill is about one-fourth of a mile alxjve Pap(»rvill<r aiul 

about 2i miles inflow Bristol. It is known jis th«» Rutherford mill, and 

is a gristmill operating one pair of wheat stones. The <iain is of wood, 

8 feet high, and gives a fall of 11 feet at the mill, through a womlen 

race about 100 feet long. The power is developed by a 2n-inch Xew 

American turbine yielding 15 horsepower. It is state<l that there is 

generally sufficient water in the stream to operate this mill all of the 

time, but when visited in July the flow of the (»r(*ek was insuflicient 

to operate it more than a very small part of the tiin(\ The miller, 

who had known the stream many years, stated that it was at a lower 

stage than at any time within his recollection. 

The totid fall of the creek between Rutherfonrs mill and Xutty's 
woolen mill is said to be approximately 135 feet; ])y aiuMoid measure- 
ment it wjis determined to be 130 fei^t. The fall uschI by tlK^s sev<»ral 
mills aggregates 121 feet, all within a distance of less than a mile. 

THOMAS (REEK. 

The next tributar}% entering also from the north, is Thomas (Veek. 
Its drainage basin is level to gently rolling, and is from 85 to 90 per 
cent cleared land, a very large proportion of which is grass <*overed. 
At the time of the July visit it was thought that the stream was 
carrying too little water to l^e measured with a current meter, but at 
the time of the September .visit the creek was somewhat higher and 
was gaged a few hundi*ed yards above its mouth. It was carrying 
2.46 second-feet. The flood rise is about 5 feet. There is one small 
combined sawmill and gristmill on the stream, using a small amount 
of power, developed by an ovei*shot wheel. Formerly there was a 
mill near the mouth of the creek, but it has l)een torn down. 
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KIDDLE AND JONAH CREEKS. 

T\w ii<»xt two tribntarios entering fmm the sr>nth Arc known 
Ki4l<ne ('nH»k and Jonah Civek, i-esiKH'tively. Theso an* two 
str(*anis of a1>out the sanu* size and having drainage Itasiiisof 
same p»neral eliaraeler. Mueli of the tinilM^p has Immmi cut from 
area drained byllieni, and the pro[N)rtion of eh'areil and cultivat€<l 
isalN)iit one-tliirdof tlie \vhoh». The foi-est growth, or more pi 
the undergrowth, on the nMnain(h*r of tlie area is v«»ry simrst*, owii 
t<i <'\t<Misiv(' hnnhering ofM^rations. It is said that sin<'e the luml 
ing l)egan the streams are niueh more fhishy, falling niueli lower 
rising higher ami mon* rapidly, and that the flootls are much 
dfstrnetivr than fornu»rly. Tliese streams attained their minimi 
stage of flow during the sumnu^r and fall of IJmh). The avei-a;;*' ri* 
the month of eaeh is from i to Ti feot. C-orn is the princiiml protlurtj 
of the basin, an<l no mines or min(M*als of any kind an^ kuo\^ii. 



FISHDAM CREEK. 



The next tributary, whieh enters tho river from the east, at tliehead! 
of tiir Horseshoe U(»nd, is Fishdam Cre<*k. It dniins an an»a entirelj . 
forest eoven'd, 4'xeepting a few acres at itHS month. The iiuimHliatt; 
valley is very narrow and swampy and is covered with dense laurel 
thiek<»ts. Tho hills an» st<*ep an<l at the lower end of thevjiUeyaw 
vorv high and inonntainous. 'I'hr <MMiiitrv roc^k of the bjusiii is slaty 
in rharactcr. The slrram srems to hav«' a large low-water How, and 
is said to 1m' loss flashy than .lonah C'r(H»k or Kiddie Civek, whose 
basins ha\(' bcon (h'I'oi'csted, bill a<*tiv(» preparations an' now Ikmd? 
made to rni tht' tindMT in this area also. The* llolston Valh»v Hjiil- 
roa<i is Ix'ing giadt'd along its <*oiirs«» as rapidly as p<issible, and after 
tliat is completed ilir timber will rapidly disapi>4*ar. Fishdam Civek, 
like all «)t her stn'anis in this section of conntry, reached its lowrtt 
stage during the summer and fall of IIMM). During fhnMls the ri^jt' at 
its mouth is about \ Uh'\ above its average water level. 



SHAUr CKKKK. 



Sharp Creek also enters the livei* from the east. It is a small stn^nm 
diaining an inconsiderable area, the lai'gest part of which is in forest, 
although th(M"e is eonsi<lerable ch»ared land near tlio in(»iith of the 
stream, where the hillside slopes are gentle, ranging from It) to !•> 
degr<'es. As the stream is as(M'n(le<l the hills an* steeper and theiv is 
noch'ared land. The cleared land in th(» basin amounts t<i about ont*- 
third of the ai'ea. On it fine vegetables and fruits can be grown, 
gi'ajx^s thi'iving espeeially well. Much of the pine and poplar has* 
been taken outof the for<'sts, Imi the oak, beech, and cliestnut remain. 
Considerabh* tan bark has been slri[)ped, iMjt very little has been 



taken out. 
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"-■.'He slopes of the moantain sides are steep, being in some (uises <>() 
or more, and they are often covered with angular frafcments 
l>Tt)ken stone ranging in size from bits a few inches in diameter to 
tMs several feet across. The soil of tlie mountain slopes seems 
ipoeed entirely of vegetable mold, which is minglecl with thesi' 
lents. Near the tops of the mountains there is very little rock, 
surface l>eing covered with vegetable matter, bla<*k and moist,- and 
forest growth being very dense and luxuriant, comiMmcMl for the 
part of oak, with small quantities of chestnut, licmlock, and 
ice. The stream is subject to fluctuations of about <> feet. 
The first mill on the creek is Lawson's mill, a small gristmill oi)erat- 
a single pair of stones by means of a small flulttM- wlieel which 
ilds an unknown amount of iK)wer. Then; is a fall of 14 feet avail- 
fcle at this mill, but the quantity of water is very small. Moore & 
^^^ham's mill is a small sawmill near the headwaters of the creek. 
tt Uses about 14 horsepower and cuts al>out 5(K) feet of luinlK»r a day. 
Sharp Creek has a largo fall an<l there are many sites wlu»n» mills 
v^BouUl l>e hxjated. 

SPRING CREEK. 

The next important tributary is Spring Creek, which enters fi-om 
7^e north, a short distance above the boundary lini^ between Virginia 
^ ^(1 Tennessee. Its drainage basin i)Ossesses the same general cliar- 
^•teristics as the other basins, consisting of broad, low, an<l rounchMl 
: ^ilsand ridges, with wide, flat spaces between, all tli(? sIojm's i)eing 
Tery gentle, and there being from 75 to 00 per cent of eh'ared land, 
• the larger part of it in grass, hay, and grain, whicli are tlie chief 
agricultural products. In this basin linu^stonc* is {\w <M)untry rock 
And slate is seldom seen. The creek hiis periods of very low flow, and 
during floods it rises rapidly to a height of about 5 feet alcove? its low- 
water level. 

The first mill on the stream — Combes & Garrett's — is about a mile 
above the mouth. It is a gristmill containing two sets of bulii^s, two 
stands of rolls, and a corn mill, the machinery reciuiring about 10 
horsepower for its operation. The power is developed by a 16-foot 
overshot wheel with 42 inches face, which is said to yield 10 hoi*se- 
power. The dam is 250 yards above the mill and is of stone, 7 feet 
high and about 100 feet long. Hy the usij of a turbine 21 feet fall 
could l>e obtained at this place. 

King's mill, the second mill on the stream, is 2 miles above its 
mouth. It is a gristmill operating three s(its of buhra driven by a 
40-inch Leffel turbine working under a head of 10 feet and yielding 
an unknown amount of power. It is stated that 8 horsepower is 
sufficient for the oi)eration of the machinery. The dam, which is at 
the mill, is of timber frames planked over on the upstream face, and 
is 10 feet high and 30 feet long, giving a i)ond 300 yards in length. 
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IlawkiiisV mill, the next mill aboYe the King mill, is a aawnl 
iiig a cAimvity of about 2,000 feet a day, using an unaaeirti 
amount of power, which is developed by a 36-inch tartmieirai 
under a head of 12 feet. There is no race, the dam, which is of i 
1 2 feet high and 35 feet long, being located at the milL It is mH 
ordinarily there is sufficient water in the stream to opemto ttt 
all of the time, but when it was visited in July the entire flow a 
Htream was lealcing through the dam. 

On the t'op of a hill by the roadside just before HawkinA 
was reachcHi threo or four potholes were noticed which had beat 
out in the solid limestone, the country rock over this part of tke 
These holes were unmistakabl)* due to the action of water flowi 
a stream channel for a considerable period, and as they aremon 
100 feet above the present level of the creek they would seem to 
oate material changes in this country during very recent gv 
times. 

JACOBS CREKK. 

The next tributar}' is Jacobs Creek, which flows in from tb 
and drains a large area of rolling country, slightly broken ne 
river but very rough and mountainous near the headwaters. 
biisin is largely wooded, i n a very heavy forest growth, and probal 
than 10 per cent of the land is cleared. During low water the i 
falls to a ver}' low sta^e, and during floods it rises about 5 feet 
mouth. So far as conld !h* learned neither mineral nor lumber 
tries are carried on in this Inisin, nor are its waters used to i 
any mills. 

WOLF C'REEK. 

Wolf CYiM»k, imt4»ring from the north, is the next tributary 
about 10 miles long and drains a large area. The valley is wi 
flat and is almost entirely ch^arcnl and grass covered. Limes 
tlie country rock, slate lu'lng seldom si^eu, though an occasion 
of much jointed and laminate<l slate was noticed. The fall 
stream seems to differ j^rcatly from that oX other streams 
ivgion, in that it consists of a succession of vertical plunges « 
1 to feet, the intervt^ning si retches l)eing comparatively s 
l)laci<l water. Along the upp^M- part of the stream, near Vane 
the fall is very great, amounting to more than 50 feet in 1 mil 
above and l)olowthat point, where the creek flows through and 1 
the (Treat Knobs, the fall is much less. 

The largest fall on tlu* cret*k is a few yards alcove its mouth 
said to have been measure<l with an engineer's level and to b 
100 feet in 100 yanls; the aneroid haronu^ti^r, however, gave i 
what less than that. This fall is 1 he site of the first mill on the 
known as the Falls mill, owned by Pitt «fc Nutty, of Stun 
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)d to £^ inio «lis»^pi^. A^ ihf^ rmt* ir: '•^iS' "r>*i->»i .x J'x^* - i>/w- 

1 of 40 barrel' <a|MieT7r w»t » ^ :a2«r.AZ^i w: m^ryr. T^>* '>!^ 
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lie mills opstreaBi oBtil laM- is ^k- -Iat. 

Ulceus null, the next ooe •im, \h^ <:r^K, ^ a*»vi: i siik^ <a^m^h 
bingdon, at the upper eod •rf ;lie -?«?r r^rrrv-..: >x h is a small 
Hill and gructmill of rwo mn^ 'A <;»>i>rr*;. Th** T^iwiBir. axn! t\Aoh 
of stones bein^ operatied by a seftarazr- •»v<r?shoJi wh<»^l aUut; 
•et in diameter. No e&uiiiase "^f ih*- aiD*.^»nnt of |^>ver ntve?ssairy 
he operation of the maehimrnr rt>ul«i be ob-taint^i. The dam is a 
er structure If feet hirfi and :•• feet lonsr, and :> verv U^kw 
race is a wooden flume about l.>* feet !on^. ^vin^ a fall of IS 
at the wheels. This power could I*- srreatly iuorea^Hl by taking 
fall of aY)ont 6 feet just below th^ mill and using all of the water 
TO small turbinefiw 

DE35TIJX VAU-EY CREEK. 

16 next tributarj" is Denton Valley Creek, one of the larjje^t 
.ms flowinj; into the South Fork. For the first o iniW aU^ve 
louth there is a large pn>pi>rtion of eleareil land in the l^sin^ 
mting to probably one-third, praotieally all of it jrni/.injr land, 
ren the cleared areas the hillside sIoik^s art* stet*p, rangin!; fix>ni 
» 30 degrees, and show a great deal of exjKiseil nH»k, everywhen* 
lestoue. Farther upstream, however, the country Ihhhuuos very 
h, riigge<l, and mountainous, and is densely fort^sttnl. with a soil 
is seemingly very moist all of the time. As the c*nH*k is asetMidtHl 
limestone of the lower part of the basin gives plaiv \o w shiit\ 
near the top of the mountains the slate is ivplaeed by a siind 
e which on disintegrating Iwcomes a line, liglit -yellow to whil«^ 
I. This stream falls very low and has a maxiniiini ris«» of \\ to A 
» rising and falling rapidly, although loss rapidly than othcix in 
immediate vicinity. 

Jei-e is but one small mill on the creek, and there is no inl*!»nua 
eoncerning it at han<l. Near the moiitii of the stream arc tin* n» 
'« of an old bloomery furnace, seemingly out of operatitni for many 
^. As no ore was heard of in the immediate basin it must hav** 
brought from the deposits in th<» Shady Vaii<\v, which can be 
led from the head of the stream. 
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FIKTEENMILE CREEK. 

Fifto<»nniilo (>tH»k, entoriiiK th« river fn>iii the north, is the 
tril)utary. Its draina^o basin Hcems entirely similar, e«peeiall 
soil, country rook, and topography, to the area drained by Wolf 
The fall o(*(*urs in the same succession of plunges and pools ai 
on the latt<'r stn^am, and like it there is at the mouth a very 
fall in a short distance, in tliis ease amounting to Ix^tween 1 
140 feet in al>out 1 mile. In this part of its course the creek! 
away a <leep gorge, and all of the fall could Iw utilized with 
paratively small expen<liture of money. The flow of the sti 
anii)le to furnisli a large amount of power from the fall. . 
distaiUM' ba<*k from the stream the country is flat and hasth 
general characteristics as not4»d for the limestone areas. 

ThfM'e is but one mill on this stream. It is at the hcjid of 
mtMititWiiMl an<l is known as the Parks mill, being a combined i 
an<l gristmill. The latt«»r oin^rates two sets of stones, one f 
and one for wheat, tin* power for lK)th being furnished by om 
a ir»-f(M)t ov«M*shot wheel of 5-foot f*vce. Tlie old jig sjiwinill 
at«*d l>y a small (lutt(»r wheel. The dam is a tinil)er-crib 8t 
planked on the upstream side, and is S feet high and 50 fe 
Th(» race is short, partly in excavation and partly a wikmIci 
It is stat4»d that the stream nev(T falls so low as to make it n( 
to uso all of th<' water in ih<» op<*ration of the mill, and acco 
thr best I II format ion obtainable it reached its minimum sta}i:< 
durin^^ the season of ItMio. 

TRIBUTARIES OF SOUTH FORK OF HOLSTON RIVER i 

JUNCTION WITH THE MIDDLE FORK. 

IHSCllAKCiK MKAsrKKMKNTS. 

All of th<» important tributaries of the South Fork Ixdow t 
tioii were visited during the iiiv<»stigation, an<l mea^sureme 
made of most of them, tlu* results of which are given in the 1 
tai>l<», ill order upstream : 
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measurements of iributarie$ of South Fork of HoUton River above junc- 
tion with the Midcue .FV>rib— Contmned. 




stream. 



Locmllty. 



BoBhOeek.. 



do 

MUlCVeek 

do 

Qrose Creek 

do 

St. Clair Creek .. 

do 

Hog t r on g h 
Creek. 

do 

Pomer Creek 

do 

Jim Soot Branch 
do 



Ford IflO yards above mooth, Vir- 
ginia. 

do 

One mile above month, Virginia. 

do 

At month, Virginia 

do 

do 

do.... 

Lower ford of main road, Vir- 
ginia. 

do 

At month, Virginia 

do 

do 

....do 



Hydrographer. 



Dis- 
height charge. 



Gage 
leight 



L. V. Branch 

E. W. Myers . 
L.V. Branch. 
B. W. Myers . 
L.V.Branch. 



E. W. Myers 

do 

do 



do 
do 
do 
do 
do 



Feet 
3.63 



4.32 
4.43 

3.H8 

(•) 

6.76 

5.»4 

0.87 



Sec.'/t. 
4.9) 

IH.(K) 

13. (H 

2.(R) 



2.10 
2.29 



8.27 
2.(K) 
9.U0 

1.01) 
30. (N) 
5.(K) 
4.15 
O.riO 




•Almost dry. 



-In making the measurements recorded in the above table bench marks wore ostal>- 
and measurements were made, by means of a steel tape, of the distance from the bi*nch 
to the surface of the water. An increase in the gage height, therefore, moann a lowering 
water surface and a corresponding decrease in the discharge of tho Htreain— the reverse 
results at the regular stations of the Survey, where gages are inHtalled and where an in- 
in the gage height represents an increase in the discharge of the Htroam. 

On the following pages are given descriptioriHof the drainage basins 
*>lil water powers of the principal tributaries of the Soutli Fork above 
'^^^^ junction with the Middle Fork, in order upstream. 



LAUREL FORK. 

The first important tributary of the South Fork above the junction 
"^th the Middle F'ork is the Laurel Fork, or Laurel Creek, as it is 
^ften called,*which rises in the northwestern part of Johnson C^ounty, 
Tenn.,and flowing in a general northerly and northwesterly direction 
empties into the South Fork about 4 miles above th(^ junction with 
the Middle Fork, being joined in its course by two streams as large 
as itself, viz, Beaverdam and Whitetop creeks. Tl drains a rough, 
steep, and mountainous area containing a very small proportion of 
cleared land, which is confined to the small tracts lying along the 
stream below Damascus and to the broad meadows about the towns of 
Head of Laurel and Laurel Bloomery, but these are very inconsider- 
able in comparison with the total area drained. 

Between the mouth of the creek and the fii*st ford there is a fall of 
about 10 feet, and about 100 yards above this ford there is another 
fall of from 6 to 7 feet over rock ledges whi(*h cross the stream at 
right angles. Above this the average fall per mile is very large, and 
though it is'well distributed there are a number of places where fine 
mill powers could be obtained by building dams; and as the banks 
are high and steep and the slope of the channel is great, no ara- 
ble land would be flooded. As a rule the banks on the north are 
precipitous cliffs of limeston ) fro'.n 100 to 150 feet in height, while 
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on tli<* MMiili si(l(' tin* hanks are lower and in plaii*s wide liutKNM 

Spr«'.*L<l (Hit. 

TliiTr is a fall of a!K>nl 50 foot l)otwoon Dama.seusand th«*m«ntliflf 
Wliitrtop (riM'k, a «listanoo of al>out 2 niilos. Tho vall«\v along 
stn'trli is <iuiir narrow and llio l)anks aro hipli. thoro lM*in;r«nilj t 
«»r iliPM- Ntrips iif ch-arin*;, wliieli lio woll alM)vo the limits of hif^ 
wati*rand an* (»f small an»a, from throo-fonrths of an acn.' Ui lam^j 
nu'h. TIm* hills riso stot^ply from the rivor, and iho opiKirTunities for 
bnililin^ liiirli dams arr iiiimorons. 

Al»ov«'tln' miMitli of \V}iitt't4)p ('nM»k lln» fall of tin* stn^am is\T8iy 
;rri*al, iM'in;: I^'twocn L''ir>and -70 foot lMMwt»on Tliat i>oint aiitlthefirtfc 
ford Im'Iow I ho town of Laurol HlcKmiory, a distani'o of aUnit limited 
making' I In* avi'ra;ro fall alioiU r»n f«H»t to tlio milo. Alonij thisiHUtifli 
of its o<Mirsi* thi" stroam falls oontiniiously ovor lodfjos and UwWeBi 
and thiMM' is no str<*io1i of still «ir smooth wati*r. In plaoos the fall i» 
Ln-oativ I'onoi'ntratod. Tlio vaUov is V4»rv nariiiw, and tho hill^nas 
almtjst prrprnilioularly fmni tho stream to hei;i:hts nf from iMiOtoiW 
foot. TImii' is nundi whito jiini* and s])rnee tbrou(;1iout this sw?tion, 
and Mht*' siM'nis to 1m» abs«dnt«dy no eloan»d land upstream fnnutHe 
month of \Vhiti't(>]) Crook until near Laurel 151<K)nu»ry. Tliereisonly 
ono small i rihntary st roam in tliis distaueo, but then* are manyspriiiJS, |- 
and flio stioam ;x:tins a lar>r(' amount of water from them andfron 
soi'pairo iii'twoon tho rook lay<M*s. Near Laurel Bhuniiory tho valley |, 
\>i(h'ns out and contains mnoh oloared lan<l, ]»ra<*tioally all of it in 
uMass. Thr >it«' of thr oidv furnaoo is about a half mih» f rom th? 
lowrr «*nd of till' valloy. No traoc of it remains, howovor. oxecpl 
rrpinanis of i ho h»i; dam and somo hoaps of oin<lors. 

Uriworn Laiiirl Uloonioiy ami tho ^ap <»r divi<lo soparatinj: the 
wains of lih" Lani«»l I'<»rk from thoso draining int^i tho Wataujra.ihf 
i:riirial iipp<*aran<M' of the valloy is vory lik«»that of tin* lowi*r part of 
I lie llolstmi \'alli«y, ronsist inir, as it d4»os, of broad, lt»w, ami p'litly 
i«>lliiii: sNvrlis, almost riit iifly oloar<*d and jjrass oovorod. witli lu-nls 
of rattle I'immIIiil; (»\rr t lioni and with tho ,ii:on<»ral appoaranot* of pi't'S* 
poiitN \vlii<-li ni.ii'kod the other aroa. The upward slop«» is irraduiil, 
and the whole eliai;u'ier i>t' tho stream sooms in ovtM'v wav ditToreiil 
fr«»iii that of the lower jkiim of its oourso. 

AlthouLih power in larire amoufits eouhl bo obtained ahm>st aiiv- 
\>here nil the Laiinl I'ork, \4'i'v little use has bo4»n madt* of its waters. 

■ 

Tho lirsl j)owei- used Is at the mill of A. A. .M. Mook, about U mil«*s* 
above th<' mouth of the stream. This is a oombim-d sawuull, ifrist- 
rnill. roller mill, and Hour mill. Tho buildin;^s aro ohl ami .irroatly 
in need of repairs. The available fall is in foot, antltho walor is 
tuiiied onto a L'"-hoi-s<'|M>wei- l.eH'el turbine, used in tho (iporation of 
the llouiiiiiT mill an<l the «rristmill, while an old, homemade wheel 
opoi'ates the sa\Nmill. The flour mill lia^ a eapaeity of .*{(> barrols JH*r 
day. the sawmill a <'aj)aeity of less than Knoii foot. The dam, whieh 
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»f logs, is about 200 yards above the mill and is 4 foot hi^li and 

feet across the top. 
lie first power development in the valley, near I^aurel Hlooinory, \h 

pipe factory, which uses a small amount develoiH'<l by a 10-f(K>t 
rshot wheel with 4 feet face. This factory manufactun^s pip<5 
slcsfrom laurel burls. Al)Out 200 yanls alK>vo this is a small ;^rist- 

I with only one run of stones, using a fall of 10 feet. A1k)vo this 
ktmill there is no utilized power until the mouth of (rontry Crook 
'eached, where Robinson's mill, a small i^cristmill of on<^ run of 
les, is located, taking water from Gentry Crei^k and using a fall of 
nt 10 feet and a very small amount of power. A short distance 
•ve this mill on Grentry Creek there is a similar mill on tho Laurel 
*k. As far as the mouth of Atcheson Creek the fall is small and 
re are no mills, the creek flowing placidly along l)etw(*en wide and 
iile bottoms. 

imestone becomes less abundant as the creek is as(*(Mi<l(Ml, and 
sh gneiss, quartz i*ock, and sandstone make their app<Niraiu*<s whilo 
isionally a thin stratum of a species of conglomerate comiH)s<*<l of 
ided and water-worn pebbles firmly cemented together and lying 
formably with the limestone is to be seen, 
he Laurel Fork receives two large tributaries and a niimlH»r of 

II ones. The first tributary of imi)orUinee as the st n»ani is ascoiidcd 
eaverdam Creek, which enters just below the villag(^ of Daiiuiscus. 
eaverdam Creek, — This stream nses in the curious ehnatiHl valley 
ireeii the Holston and the Iron mountains which is known and 
ed throughout the country as the Shady Valley. Throughout the 
,ter part of its length the stream is inaccessible, theix? being no 
Is traversing the area, which is very rough, rugged, and niountain- 

and is entirely forest covered, except for the small area of (*leared 
L in the Shady Valley. A railroad, however, is now being ])uilt 
g the creek to tap the forests of the Shady Valley, and the country 
soon be opened for settlement and for lumlxiring. 
here is only one mill on the stream, and this is locate<l a few yards 
ve its mouth, in the village of Damascus, and is known as Wriglit's 
It is a small wood-working shop and corn and chop mill, 
liring about 16^ horsepower, which isdevelojXHl by a lO-ineli Little 
at turbine working under a head of 16 feet and using only a very 
.11 part of the water carried by the stream. The race is a wooden 
5 1,000 feet long, which follows the level of tlie stream. The dam 
foot high, barely sufficient to turn aside a small part of the water, 
of course it gives no pond. At the time the stream was visited 
)ctolier it was discharging 32.4 second-f(»et, and was said te be 6 
. inches above its extreme low- water mark. The flood nse at this 
it is about 4 feet. 

idications seem to point to the fact that the Shady Valley was at 
time an old lake l>ed, or at any rate that still water had much 
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to (io wiili its pro.MMii foriiialioii, siiH$c* in many pla<-os tini)NTi> foni 
ImriiMJ M'vi'ral tVoi Inflow tin* surf acMMtf the ;rn»iin(I. The valley fl«mri| 
r.illuT lrvrl,ih«iujrh scMMuin^ly hifjluTin tin* iMi<l<llo tlian at tlu'**dj 
'I'Ih' soil is iliM'j), rirli, ancl nioisl, lM*injj: vitv swampy in pla<rs, owii 
to insulVh-ii'iit <lraina^«*. Tin* forrst ;rn>wtli is wry luxuriani.rhu 
wliiti' pin«- an«i spnicf*, tliou^li som<* (*h(*slnut and othor tni-s 
f4)iiml, soiiir of iIhmii of ;^n'at siz<',lHMn;^ 1ih» fiM't lo the tii"sl Vuuh. 
is sI.himI that tln» timlMT in tln» vall<*y will avrrajiro ln,vMj<i to \tx^' 
f«M'i Ii. M. prr afn*, and tliat sonn»Tm«'ts will run as lii;;li as ")<»,«VNif«4 
\n'v m'li'. In tin* swam])y an*as tin* soil s<*oms to br <^ntin*ly a rich, 
blai'lv, v«'ir<*taM<' ni«>M. in many i>la<'os viM'y acid and riMpiiriii;; thtj 
ai»|)li<-aiion «»f llnir lirfon* it <'an \h* oultivatod with sncross. In ita; 
iiiirlMM" part> of ilir valh'V tin* soil is of a li^lit-yrllowisli color, with 
soiiM* c-lav, and lin«' «M'ops of corn an<l wlicat are pmdiUMMl. Tlu* lower 
paiM i>f ilh* valli'V is more iirokiMi and hilly tlian the upiKM* part, ami the] 
pro|Hirtioii of ehvtred lan<l is nuK'h less, diminishing to notliin^lMlwi^en 
J and :! mile-i ImOow tin' town of Shady. Tlie Empire LnmlxM'CVmiiiaiiy 
is now roust met in^ a larp* sawmill in tliis valley. All bricks lu.n.i'S- 
sarv foi'tlicir l)uildin;r op(>rations have lieon hurntHl from a fairqiial- 
ilN «if iiiieU elav found on the spot. 

Whifffni, ('ri,h\ Tliis is tin* next tributary of tlie Laui-el Fork, 
eiitcnn;: thai siii*am ahont '2 nulcs alcove the moutli of BeavenUm 
(ii'eU. it ijiains a vei-y lar^re an^a, which is entirely foivstcd, the 
hasiii iM'ihLr envi-red with liiudi and ru^rjrcd mountains havin;; st«»epiiiul 
inrk\ >ln|H'>. Tnr fall ill tile ereek is said to l>i^ verv i^ivat and t" lie 
iiiiieli rniirriii laiiMJ jn pla<'e>, uiakinir wild an<l pi<*turcs(iue seein-ry. 
Tlu'H' ai'«- !ii» rn;nK I rav4'i>iii,i; the l>asin, with the exeeption of »nn^ 
leadiiiir t«» \Vliiirt«i|> Mountain, so that ilie country is inacccs*iilile 
nnl<'>^ iln* JTei'k he N\a<l«'<i. At the tifiieof the.luly visit tiiesln'aiu 
\Na^ eanyinu l'*'i Ni'«*un<l-feet of water and was said to Ix* 5 iw \\ iii<'li»'s 
alniNi- its l«»\v-uai«*i- lev«'l. Its extreme ll4)od rise is Ix^tween ♦'• aiwl 7 
fe«*i. 'IIm- limln'i" )nun<l in the basin inelndes all of the varieties usu- 
ally fnnihl ill ilh- hiirli nionntains, ami the country rock is reportinl 
In In- a liiiMNiniH' o\ er the lowrr j>art of the area, ;xivinjjj [)lao«» to 
iiH'laiiHHphie rnrks as tin- >ir<'am is ascended. Some of the hi;rbt*r 
nn»iiniain'< «>n 1 lie IhucJits of 1 his basin are said to Ik* anions the iin»t 
|)iei iiieNjjiii' ill all the nomntain reirion, Whiletop and the vii*ws 
«)btainabl.' ironi it iwinu^ |)ai't ienlarly beautiftil. This mountain is a 
smnnier iM-sort. iH'ln^: a favoi-jte j>laee for mountain partii»s. 'riu' 
<-nnst I'lnM inn i\\' iIm' railinad up the valleys of tlie Laurel Fork ami 
Kea\«-nlani < irek will in a nieasui'e ojx'n the vall(*y of Whitclop 
( re«'k also, and will rentier |n-aeticable the develojnnent of many of 
llh' NNater powi'is aloni: its line. Tliis will probably bt» tiie result, 
the |M)Wer beinii nse<l in the opi'ration of small llourinf^ mills, whioli 
will thus b«- I'liabled to llnd a market for th«Mr ]U'odu<rts, or in w«hmI- 
workiuiT establishments, for whieh this seetion olVer.s a vt?rv line licl<i, 
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jiiAterial of the l>e8t quality exists in ahiiiHlaiuH) on almost every 
itain side. A l)eginning in this direction has Ikhmi inad<^ by tlio 
lUishinent at Alnngdon and at laurel Hlooniery of small mills for 
[in^the laurel burls into pipe shapes, from which so-calUnl French 
ir pipes are manufactured. So far as could Iw Jis<;ertained thcr<» 
no mining openUions in this basin and no minerals oc(*ur in prof- 
le quantities. 

ROSENBAUMS CREEK. 

*''Ro8enbaums C'rcek, or, more pn)i)erly, Ros<^nbaunis Braneii, is the 
Kxt tributary of the South Fork. This is a small stream not moi*e 
pm4 or 5 miles long, draining a narrow valley an<l disciiarging a 
|bmtity of water too small to be measured with a <nirn»nt met<»r, but 
Ihich wjis estimate<l to bo alMmtO.5 sec<md-foot at the lime of tlie 
Iwt in Septeml)er. This is, however, not th(^ discharge from th<» 
•hole area, for as the stream wjis ascended the ehannel was found t^* 
• perfectly dry less than a mile above the mouth, though the stn^um 
nw carrying an appn-sciable quantity of water about 1.1 miles above 
he mouth, the entire flow sinking into the earth. So far as seen tin* 
liBin consists of rather low hills, grass covered, with very st(»ep sIop(»s, 
4) degrees in some ca.ses. The proportion of cleared land is larg<*, 
leing Ijetween two-thirds and thrtio- fourths of the an^a, and is (*on- 
Ined to a strip lying along both sides of the cre(»k. Much of tlie 
nea — probably more than one-half — is in grass, the nMiiaindcr being 
ibout equally divided between corn and wiieat. 'J'lu^ country rock 
eems invariably a limestone, and the soil is light and porous. A 
mall amount of timber is being cut on the hills rimming the basin, 
Jeing worked by a number of small mills on th<» spot. 

WIDNER CRKEK. 

Widner Creek joins the South Fork about 2 mil(\s above the mouth 
f Rosenbaums Creek, and though the area drained by it schmus to Im^ 
lightly larger than that drained by the latter creek, and a largcM* pro- 
•ortion of the basin is said to l>e forested, the discluirg(» was v(^ry 
luch less, l>eing inappreciable at the mouth, the only place where 
he stream could be seen. 

RUSH CREEK. 

Riisli Creek, the next tributary, (Miters the South Fork al)Out 2 
liles south of the village of Friendship, and is a slightly larger 
ream than either of the last two de8cril>e<l. Tlie area drained is 
?ry rough and mountainous, and is about two-thirds forest covered, 
t the time it was visited, on October 2, it wjus carrying 2 second-feet, 
ul was said to be at its lowest known si Age. Its flood stage is about 
feet higher. 
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MILL CREEK. 

Mill ('r<M*k, tlu^ largiiHt aiul immt. import ant tritHitar}' enl 
South Fork along this imrt of its wjurse, was ^agtMl abo 
above its mouth, th« only place where the stream eoulcl Ix 
and on July 27 was carryinj^ 18 secoml-fiK?! and on the 2d o 
1'3.()3 s<M»()nd-feet. The drainage basin is inaccessible am 
visite<l. R<»8idonts of the locality state that with the exce] 
narrow strip alon^ the creek not far from the river the l)as 
n>u^h, ruijjj^iHl, and st<H3p, and is entirely forest covere<l. 
than one-third of tlie total area is cleare<l land. There are 
of larjro sprinpi in tlu» basin. The stream was stated to 
extreme' low- water flow at the time of the <)ctol)er visit, wl 
(•arryinj; 13.(KJ s<M*ond-f(vt. The average flood rise is uIkj 
although in some <*ases it has Ikhju as great as 5 and <» feet. 

(;k(>se creek. 

Gros(» C-HM^k is a small bran<*h which wjis carrying 2 sc*coi 
July 27, but was almost dry at the time of the ()ctol>er 
drainage basin se(»ms to differ in no way fi-om those of th 
entering Iwlow it. 

ST. (^LAIR CREEK. 

St. (^lair (/H^ek drains iM»rhaps a larger pri)portion of cle; 
than any othor stream in this vicinity, all the land ahni^ 
cl(»arc(l lo the foot of tin* mountains, but probably four-fif 
(Mitiro Inisin is in for(\st. This stn^am was measunnl near 
at time of (»xti'eme low water, on ()ctolK»r 2, and was e 
second-feet.. The ris<» during Hoods is about 4 feet. 

('onsidiM'iiig as a wlioh^ tlio area drained by Widiier, Ilu: 
and St. Clair creeks, it. is very rougli and mountainous, w 
forest (m1 sloi)es, tlie small proportion of arable land, whicl 
to less than on(»-liftli of tlie area, being confin(»d to nar: 
bordering the creeks and immediately along the river. 
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light is about 3 feet. The area drained is for the most x)art rough and 

p, and the proportion of cleared land is very small, being confined 

ly, so far as could be ascertained, to the first 2^ or 3 miles above 

month and to tracts lying within 200 or 300 yards of the stream. 

ere are two small mills on the creek, the first one alK)ut 100 

8 above its mouth, being a small sawmill and gristmill known as 

's mill. The power is obtained from a 16-foot overshot wheel 

4 feet fAce. The mill operates only one pair of stones, griinling 

toll only, and saws an extremely small amount of luml>er. About 

lie above the mouth of the creek is a small mill ojk^ rating one 

of stones by a 16-foot overshot wheel, but the name of the owner 

not awortaine<l, nor any data regarding the power develoi)ed. 

POMER CREEK. 

Pomer Creek is the largest tributary to the South Fork in this part 

its course. It drains an area rougher and steei)er than any of 

yet described, and one containing a smaller proportion of 

land. The cleared area is confined to a narrow strip along 

stream close to its mouth. There are no mills on the creek, so 

as could he asceilained, though about a mile al>ove its mouth 

are evidences of a mill, which was probably washed away by one 

the freshets to which the stream is subject. This creek reached its 

imiim fiow in the fall of 1900. It was measured on Octolwr 1, 

the discharge was 5 second-feet. The flood rise is about 4 feet. 

amount of water carried during floods is very great. 

lis was the last tributary investigated, as the river was not fol- 

much above the Rye Valley, and was too small at this point to 

of value for water-power purposes. There is but little scenery 

thy the name to be found over the larger part of this area, most 

the country presenting a very quiet, pastoral type of Ix^auty. 

MIDDLE FORK OF HOLSTON RIVER. 
PHYSICAL FEATURES. 

The Mi<ldle Fork rises a little to the south of the village of Old 

mnt Airy, Va., on the western slope of the Blue Ridge, in the val- 

between Walker Mountain on the north and the Brushy Moun- 

on the south, and flows in a direction generally parallel to the 

Lrseof the South Fork until a few miles above the junction, where 

i turns to the southwest. Below the junction the stream continues 

general southwesterly course, and after being joined by the 

Tatauga it unites with the North Fork of llolston River, near the 

of Kingsport, Tenn., forming llolston River, which is in turn 

ftcined by the Nolichucky and the French Broad and finally unites its 
5rs with those of the Little Tennessee, forming a system which 
dns southeastern Virginia, western North Carolina (excepting a 
portion the waters from whi(?]i flow into the 'N^vir tVv^y ^^^\«v\!^^^ 





70 SOUTHERN APPALACHIAN MOUNTAIN BKOION, FT. h 

eastern Tennessee, northern Oeorgia, and northern Alabama, 
part of the area lying in the basin of the Sonth Fork ih mapi 
the Roan Mountain, Bristol, Abingdon, and Wytheville sUas i 
of the Geological Survey. The area drained by the Middle Fn 
mostly to the north of the river, the distance from the sammit 
ridge dividing its watershed from that of the South Fork to the i 
being too small to admit of the formation of streams of coiuidi 
size. The general character of the country is similar to'ihat < 
area drained by the South Pork below the junction, the topog 
consisting of small and rounded hills and ridges, grass covered 
top, with very gentle slopes and with low divides between tlw 
creek watersheds. By far the larger part of the area is cleared 
the woodland amounting to probably less than 10 per cent fc 
part of the basin lying l)etween the junction and the mouth ol 
Creek. Above that point the valley becomes very narrow, beli 
Htritfted between the slopes of the two peaks forming the I 
Mountains, which are in a large measure wooded, lliroughc 
i-eiiiainder of the basin the wooded areas are mostly in the f 
small groves or tracts of a few acres. The soil is seeminglyvc 
tile and is light and porous, though some areas of clay were 
Limestone is the country rock, and the bed of the river is also 
stono. The area drained b}' the Middle Fork constitutes thi 
and most pn)sperou8 farming and stock-raising country* seen 
tlie whole investigation, antl the lands are held at a high val 

DISCHARGE MEASUREMENTS. 

During the invest igation u numlK?r of measurements were i 
the How of tliis stream and of its iirincipal tributaries. The re 
mont« made on the Middle Fork are given in the following tab! 
made on its tribut^iries are given in the table on page 73. 

Discharge nwasiinments of Middle Fork of Hohton Hirer. 



Dato. 



Mirio. 
July ar» 
Do .. 
<)<t 1 

.July 24 



Locality. 



Sevenmilo Ford, Va 

Al>ovo month of Bear Croek, Virginia 

do 

Five inileH alxive mouth. Virffinia 

-do 



H ydrotn**pber . 



L. V. Branch 

do 

do 

E.W.MyorM. 
do 



Qage 
height 



Fftt. 
13. W 
6.£ 
7.ni 
5.M 
6.2] 



NoTK. — In making tho nHMiHuremcntHrecordt^ in tho alx ive tabic bench marks were < 
and mooHurcniontH were niadc.)>y mcanH of u sto«>l tnjx'.of the dLstAnce from the ben 
tlu) Hurfacc of the wat<T. An incri^a.***.' in the isii^vi htM^ht. therefore, means a lowei 
wtitiT Hurfa<'t! and a c(>rrc8iM>ndin^ df^'rease in the dischurt^' of the stream, the rev 
roHuIts At th(* regular .stations of tho Survey, whore ^a^irRsarc installed and where an 
tlie ((aKc height repn^seutH an in<;reas<* in tho dischargre of thi^ stream. 

WATER POWERS. 



For 100 yards above the junction with tho South Fork there 
of about 8 feet in 100 yaiils, as n(»ar as could b(^ ascertained 
veiy rougli and rocky bed formed \>y WiV^v^«> oK Wwa^'aVow'^ <»ro9 
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at right angles. Higli and steep bluffs rise from the water's edge 
»th sides of the stream, and from them large quantities of limo- 
t could be quarried. A railroad crosses the stream just below the 
&y and would afford ample transportation facilities. This locality 
d repay an investigation by anyone desiring power in this section. 
K)nt 2A miles alcove the mouth of the stream theix^ is a fall known 
\^ Shoals, where the river Ls divided by soveiTil islands, the largest 
Kich is al)out an eighth of a mile long. In one-fourth of a mile, 
iar a« could be estimated, there is a fall of 10 feet, deti^rmined by 
I level and aneroid, and near the head of the shoals there is a 
)f about 4 feet in a distance of 100 feet, and an abrupt descent of 
it 3 feet at the foot over a rock ledge crossing the stream at right 
es. On the south side of the river broad Iwttoms extend the 
th of the shoals, but on the north side the banks are high and 
y. The country rock close to the river seems to be slate of two 
?ties, one hard and black, the other soft and either yellow or gray, 
stone occurs in small quantities close to the stream, but it forms 
►reilominating rock of the uplands. 

3m the mouth of Hogthief Creek to De Busk's mill tlie riv(»r is a 
d stream, with very little fall. The rock is a limestone which 
!*ies well, and almost all of the country, which is very rolling, 
i^ to be cleared. At De Busk's mill there is no race, a wooden flume 
g the wat^r from the forebay to the wheels. The dam is a tim- 
ructure planked on the upstream face, 10 feet high and lOS feet 
backing the water al)out 2 miles. The mill is a sawmill, but it 
i^ontains wood-working machinery. It is operated by a 3()-inch 
ae rated at 30 horsepower under 0^ feet head, and has a capacity 
00 feet of lumber per day. At this site there is also a wheat 
vith a capacity of 30 barrels per day, consisting of three double 
s of rolls operated by a 20-inch Success turbine rated at 25 horse- 
r. The corn and feed mill is operated by a homeinade wheel 
ng about 4 horsepower. Sometimes during v(»ry dry seasons 
all of the machinery of the mill is in operation at the same time 
rliole flow of the stream is required, as the dam is somewhat 
, and at times the x>ond has b(»en drawn down 1 foot during a 
run. 

[)ve the De Busk mill and jis far up the stream as ('hilhowie there 
y little fall in the river, and what there is is very well distributed, 
being no noticeable concentration at any i)lace. There are local- 
however, where dams from 10 to 15 feet high could be built, but 
erv case the fall obtained would be that due to the dam, and the 
ng of valuable lands al>ove would prohibit the construction. The 
ms are very broad and lie only a few feet above the level of the 

The river receives practically no drainage throughout this part 
course, one stream only, Iluttons Branch, being large enough to 

The country rock is a limestone, and the land is i)ractically all 
kI and is given over to stock raising and to gram. 
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AImivi* Cliilliow'n* aii«l as far as S<*veiiinile Fonl thenMsiioconeei^ 
t ration nl' I'all in i)i<* sli-caiii. ami tin* <*<)Uiitry ])n'servi*s the Name get* 
<*ral <'liara(*tf'r. «'.\(*r])l that t)i<* iHittoiiis lN'«;iii to ^ row narrower aii 
tlir liills to I'loM* ill on tlu* rivrr and to ris<* higher and more sharpjfi 
Iht* f'oiintry pr«>sc)itini; a niurh nion* 1)rok<*n apiH.'arauce. Tliearns 
not so •ar;ri'ly chNirt'il, tliiM'i* lM*injr probably -'» j><»r cent of woodlai 
in this si'ctii»n. Tho stn'ain has an oxtivmo risi» of li fwt intUl 
]iart of its roni'M*. At pnvsi'nt thrrt* is no mineral industry ]u'real)oiitii 
thon;,di s«*\fral visirs a;ro nnifli baryta was niinod, bnt prHOticallyil 
has Ikm'ii lakrii out that ran 1m> workotl at a profit. 

(thMinV mill is tin* lirst mill on tht* rivrr al>ovt' tlio IH^ linsk ndlL 
It i> jnst aiiovi* till' nionUi of Uyars C'nn^k, anil is a fombimHl grilft* 
mill ami sawmill haviii;: a ^'ajiarity of 4o luirrols of flour iK*rtwentJ- 
four hours, and, with thriM* <*hop|NM-.s. r(Hpiirin;jC about 40 horsepoift 
Th*' toial pi»wrj- drvi'lopim'iit ln*ri* is G4 liorsi*power. Tln» wlieelsw 
homemade, rnitiT dischariri*, built on thr turbine ]dan, and of !20, 16, 
in, and »'• Imrsi'iiowi-r, rrsiiiM'tivrly. 'rh«'Siiwniill('<MitainsonesaHli8lv 
HMjuirinvr J*«»r it>op«*ratitin about 1- hf»rsoi)owi»r. TluMlaniisoftimbeff 
frami'S })lank<'d ovpr, and is III f(M>t hi^h and I:^() f(*ot long, giving i 
working' hfad of II t'rrt at tin* mill and barkinjr watfr about tliiee* 
f(Uirlhs of a mih". It is slatnl that tluMi* is always sufticient water to 
ojMTato all of the mat'liiniM-y in this mill at tlu* sanio time, though tl» 

dam is somewhat li*akv. 

« 

Till* Ufxt pown- oil thesiiram is ab«)Ut one-fourth of a uuh* Mow 
till* inwii t}\' .Marion and is t»\vin'd bv .Messrs. LiMjk it ]-.iu(M)lii, who 
state lli.-ii a l.-ill of l<i IciM can be o])taim*<I by building a dam t)t' that 
height, and that no arable land would Ik' Hooded. 

Lo(»k A- l/ine<ihi's mill, tlie next power alnive, is in the lower end of 
the inwn of Maiiim. \\^•lL^()n^, j»low handU^s, and wa^on matt^riuls 
are maimraei uj-ed. Tlieie are two dams, the up]»er one of stone 
foi- hair its len;Lrih and ufwood I'or the remainder, I4 f<vf hij^h antl 
lln feel Inii;^:, the walei" Ijejni^ lurur'd diri»etly into a »33-ineh SiU'CCSS 
turi)ine <l«-\eloj»in'r about ;>*• horsepowei*. ll is estimated that with 
this fall from P' 1<) 1"» lnn>epower can be obtained the year itmnd. 
Just below this <lam the rivei* makes a vt»ry abrupt bend, and about 
l.")<) yartls below the u|»pe?'dam, if llie coui-si* of the river 1h» followwl, 
oi" t«' yards in a sirai.uht line, is the h»werdam, beloii^inj:^ to the .same 
lij-m. This dam is s feet hiirh and Mm) feet long, nnide of timber 
flames planked over, and i»aeks the wat(»r to the f(M»t of the upi)erdam. 
The watei* is letl direct to a )lii-ineh turiunc* yielding about 20 hoise- 
jjowei-, wliich is used occasionally to operate two s(?ts of eoru stones 
and a turning; lathe. A steatn entrine of pu) horsepower is also usihI in 
the wa;^on-matei"iai de|)artment. The whole mill has a eapaeity (if 
about ^»0(M*arm wairons annually and abcuit 2,n(.)i) pairs of plow handles. 

In the upper end of th(^ town of Marion is Hull & Staley's mill, 
which has a cajiaeity (d' 7.') barrels of Hour jM'r day. The dam is oiu*- 
fourth of a mile above the mill, and is of timber frames planked over. 
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L2 feet high and gives a h€^ ^-f - ' f-*^»^ l" "it- ix:7.. Tti- -- 
turbines, one a 30J-inch I-^*r. i^-- ^-^ ■- •• •-— ;• •'r — 
' a 24-ineh Success wh^el ^-t*-'. •••hx 1 • i^ •^> v. • » : • - 
in seasons of low waU-r th*- *-T."ir' f ^ .' ' :?- -""-t :: - :►——•»- 
•erate the larger wheeL 

K>ut 3 miles al>r>ve Marior. :• "-^ y - : " k-.:- ': t ' ■• - 
with a capacity of .V» Irtrr*-!- ;*-r It; : • : .- j - .: • -— > v 

h is developer! by iwo r;'^- ::.•'•. L-*"- -. - ■ ^-^ v ••, : j . • . 
L of U fe«?t. Theiv L- rr* rar-^. •;•.- :: . •-•-■■. 
ih is new, of tiinlier fraK.*— ;»-iJLi-. 
, backing the water ar».-:: -=- • ; t..-..* V'— ■ - • - 
tie driest sesis^m* *th»-r^ > .i. ■•.- ----«.' » l -• 

?lop IC horseiM»w#-r wiTh •:. • :_'>h., .';^ t .^ • i - .^ ,,.-,. 
le water carrie^l ijv :h*- **>->i:- ••_■:.■ - — •- v -. 
the town of Mariob. '*•':: r. ■ -". >■ ■- ' • • . v ... .^.. ■ 
here are no OTh»-r iniL-' -r i- .. * •-- .^ %• — . . . • .. 

and the mouth of I>-ar •. >^t: f. " •..- - » ' • •. .. 

from the cnniisiiraiTior. "f •>.-•.; *•" — - • . . 

iber of localiti*-> >uih'.. hzi. ■.:'• ';•*-• .. . ^ 

! north side of the riv*-r > v-r; -"--'; i. • . • ** 

? the ])ottoms an? hi:r}j*-r iv.-- ••-.-. 

?e along the strf-aiii. •>j»:>. .--*.■ •!- 
;his vicinity, the jrr^^tVrr jat: 
:ville. Va. 

TRIBUTARIES OF KII^L^LE ?^?K '.r r.\:^\" \ r \ >'r 

)Dring til*- 3TiVfrs;;:r**":'^r- :• - 5 •.- v • j ■■ .■>..- •. ... 

>iin];i«»rtaui •rI>»uTarl*-' -.' *•.*: V. . - / •* 






# » 



■ ■■ *■ « ' # • 



UJ. . . . ' 

fSl H- <:Li*-5 •■■!■**•« . 'L's*^ ii^f :: ,- l »■•••■.•■ :. • t 

t» ^'^ i- • V .» »-'• ' » 

Jo. CedAT CnMrc .. A: iii-»r':i- V:*^:..*. ». 

>«>.. Hail^Crwk o. . . / 

ra HcTV.cxk ESruf.x .. c... '. •€ . r • 

t-S do i- . r. V .»';■• ■ I 

^a Wftlk4-r (.TtifrJC . 5'vfcr-k L ••■ » ::■.:'■■*'.* -* » 

^S do o*. -. . • 

' JS BjraknCYwrk A: :;i'j-.i:. v^.,: ■ ,^ .'.■.■. - • 

^ 9 Go....... ,0., '.•■■• ■'■ *' ".'-■• 

'S HcxifTT M-'Jihw f'jT'L -y !i.bi:. rMi.. *•.:_ .•r.-'-i.- ■ .o't.-.. -in' 

1 lio O'- i. V." .•' ■ • ' - ' 

•o iVbArCrwk At :ii-.''-:l '•'.•^.:..i, ■ j. : . 

1 ....do c. >. v.- A'v.r. • .■♦ ». 



Tt— Ir. ziihkzzig tilt Sj^b**"".,?^!'"--'-".* •►-' r .-^ .: \i** :. • ■ '.«- ■■ •^- - - ...'t* v:t- •■•-■.j.:- 
^Kuri^fx '.'f tlt(r viLVfT Ai ;tj'T»ru«^ .L. •■i*. »»*• ^- .*r: : ■...-■•r* .-r. :-«'b.:-' ;• . w»r:t.j •. :iii 
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Dosrripl inns of ihi' draiiia<^(* Imsiiis aiul \vat«»r iK)Wcrs of these trita- 
laiv s!n*aiiis an- ;riv<*ii on tin* following i»a^<»s. 

IKKiTHIKK CKKKK. 

Tin* lii-vi ti'ilHilary of tiic Middle Kork of sufli<-i(*nt ini]V)rtanoeto 
<li'srr\i' mention is Iloirthiof or S«'V<'nniilr ('nM»k, which I'liters th 
I'iviT from tlif iiorlh, at Moab, Va., ami lias a r(*|)ort(Ml h*n;rth of alnot 
7 niih's, allhon;;h as iniNisnnMl on llioniapif is only a)N>nt 4 iniit^siong. 
'IMm* ^iM'ali*r i»ar! of its<lraina;;«* ]>asin is i'h»jiii'<l, Ihr wo«Mlhnnl;imount- 
\WfX 1(> proltalily not. moi*i> than /> {ht cent of tin* area. AImmi! half of 
tli(* f]«Nir<'(l iami is in ]>astnr<*, thi* nMiuiindrr biMn^ about f<|Uallv 
<livi<li*ii lu'lwiM'n rorn and wlit^at. Tin* wliolc hasin is iMthor flator 
gently rollin.ir. thonirh it contains a f(*w small hills, sonic* t)f whid 
an* \v«MMh*<l to till* top, Init tin* hillside s1o|n*s an» all v(*ry jrontle. 
I<,inM-st«»n<* is the conntrv rock of tin* aroa. When tlic stri*ain wis 
visited (lirst on .Inly lM and a^ain on SeptenilM*r i*U) it was, an^onling 
to all oi»taina]de information, h)Wi»r than ever heforo known. On 
both n<'easions it xsas <lischarjxin^ .") si»coiid-feet. It is stated thattbe 
maximniM i-isi* is alumt 4 feel, 'f'his stn*ani is now niiicli nioi-o llashy 
in natnre than it was several years ajro, d no no doubt to tlie d<*f(»n»sta- 
tioii «»f its headwaters which has taken phiee within tlie last f«^w yeaw. 
N<il only do the floods rise with ;j:r<*ater rapidity ancl to a ^ivaterln'ight 
than foj-merlv, but dnriiii; tin* drv S(»asons llie <*reek falls to much 
lower staires, <lespili' the fact that it is fed by many larp* spriuirs. 

The \\v^\ mill on the stream i> Iveiidrick's mill, l<»(*ated alwiiil 1'."' 
yard-* abn\«» iis moulli. This is a .i^ristmill of two i-nns of stnm*s, 
(»j»eraied by a turbine 1- inches in diameter, wliich deselojis l'^' liorse- 
jjnwer uiidi'i- a liea<l of l'7 feri, thouLrh it is jn-obable that b' ho!^*^ 
p(»w«'r\\ill n|M'rat<'all n\' 1 in- machinery in the mill, 'i'he dam isal'oul 
iMi) fc,-! abn\«' ihe mill and is about •'» feet hi;;h ami -."» t'et»l loiii:, l.uiill 
of t imber f?•am^"^ planked .»ver, and irives a very small i)ond. A(ronl- 
in:r 1o 1 he statement <»f ihr i.iillrr 1 he st ream was m'V(M* too low to run 
the mill until l^!»'.'. but it has been sn. <'\c<*pt at intervals, since thai 
timi', and he atl ribules ii lo i he mil inu away of the t imlM*r from tin* 
hea<l\\ah'is. ' 

The n('\i 1 ribuiai\\ of 1 he .Middle l'(uk i.s Cedar ('n*ek, which enters 
the v'wi'v from iIm' unrlh, aboul il miles above t he month of llojrthift 
(i-eek, whifli ii seems lo re^Nemblr inevei"\' r«'siM'ct. Israel icallv all <»1^ 
IlieaiM'a drained by ( edar Creek is c|eare<l Iami, >vhich is used aliii(»s' 
<-\elusi\ely for t;ra/.inu" jiui'posrs. TIh' meadows ai'c broad and fertile, 
ami the Lzrass-co\ ered uplan<ls aie ueaily level. There arc^ a few 
small hill>, but 1 hey ha\'e \ cry LCenl le slopes. Il is possible that this 
stream ma\' fall about one-lent h (»f a fool lowei-ihaii its stay:<* Ht the 
time il was visited (September -'.»), when il w as dischai\';iiii«: 3.42 see- 
ond-feet. Its maxintum rise is about '> feel above its low-watermark. 



uuY] TBIBUTABIB9 OF MIDDLE FORK OK HOL8TON. 75 

HALLS CREEK. 

Halls Creek, which enters the river a short distance lielow l)e lUisk*s 
111, is a slightly larger stream than either Ilogthief Crei»k or Ctnlar 
>eek, but the distinguishing characteristics of it6 drainage basin 
em similar in every re8i)e<*t to those notcMl for the other cre4»ks. It 
lis between 2 and ^J inches lielow its h»vel at the time it was visit^Ml 
eptember :?9), when it was discharging 17.30 second-foel. During 
Kxls it ris<»s IhM w«»en 3 an<l 4 feet. 

HUTTONS BRAN(*H. 

Tlie next tributary is Hutt^ms Branch, ]cK*ally and more projKMly 
lown as Iluttons Cre<»k. This stream rises on the southern sloiies 

Walker Mountain and di*}iins a very snuill area of w^MMlrd laiid. 
he rest of the basin is cleare<l and is use<l almost exclusively for 
•azing, IxMug quite level, with very broad liottoms and small, gentle 
lis. This stivam was visited on July 2'.i and on September 20, and 

both times was carrying 5 second-f<»et. Its high-wat<M* rise is 3 fe(*t. 
Iiere is one mill on tlie creek, operating a si ngh^ pair of stones by 
eans of a 10-foot overshot wheel and using a very small amount of 
)wer. The cr(*ek forks just below the site of t h<* mill, t 1h' forks InMiig 

an angle of nearly 180 degrees, and the water from botii l)ranclies 
brought to the mill through a long woo<len flume. 

CHILHOWIE BRANCH AND CARLOCKS CKKKK. 

These ai'e the only other streams in this section carrying an appn*- 
ible amount of wat-er, and their discharge was murh too small to 
mit of measurement. 

WALKER CREEK. 

Walker Creek, draining the southern slopes of Walker Mountain, 
the next tributary of the Middle Fork. The upper i)art of its basin 
rough and steep and is practically all in woodland, but imm(»diately 
)ng the forks there are considerable areas of cleart»d land, and below 
em practically all of the basin is cleared. Over this lower part th(» 
(>ography is similar to that noted for the stn^ams lying farther 
w^n in the drainage basin of the* main stream, (»xcept that, the hill- 
le slopes are somewhat steeper and th<» hills a little less rounded, 
le creek is said to have attained its minimum stage of flow during 
e summer and fall of lOOO. Its flood rise is about 4 fi^et. There are 
ry valuable and extensive deposits of gyi)sum in this basin, but they 
,ve been very little or not at all worked. 

BYARS CREEK. 

This creek enters the Middle Fork from the south, about 4 miles 
low th<^ town of Marion, Va., and is the flrst important tributary 
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risiii;: in tlh* un^ii iN'twiMMi the Middle and South forks. CoTiHidenUe 
c»f Ili<^ land in its hasin is cleai'ed »nd under cultivation or ingraft 
It is rat Ikm' smooth and level, all of the slopeH I »einf;c gentle. Line- 
stoiM* is th«* country n)rk, and it has ]N*en quarrie^l in large amounti 
r(»r use in the alkali works at Saltville. During flcKxIs the creekrisn 
alNtnt :> ff*<'t at its mouth. 

lirN<:KV MOTIIRK TREEK. 

Tin* next tributary is Hungry Mother (*n»ek, on the southern slope* 
of Walkor Mountain. The upper part of its basin is a very rough 
and ru^^rt'd <*onntry of extremely st^M'p slo()eR, (H>ntaining a souillpro- 
(MM'tlon of cleared land. In tin* lower part of the basin the eountiyis 
mueh more broken than that of the basin of any tributar}'of the 
Middle Fork yet deserilxnl, the hills rising sharply from the stream 
to eonsiderable liei;i:hts, and the uplands, whieh downstream were a 
plain, eonsistiuK of snuill and rugged hills, seemingly not more than 
half eleari'd. In this jiart of its course the valley of tlie crf?i»k is very 
narrow. Most of the elt^anMl land is in grass, the remainder being 
eu1tivate<l in wheat: and although much of the area near the month 
is still in woodland, it siMMns prolmble that these arf*as art* toosmaU 
to have v«*ry «rii*at <»lTeet on the run -off. The soil seems shallow, and 
there is mueh exposed roek over the Imsin, all of it seemingly a lime- 
stone formation. The IIoimIs on this stream are vioh^nt, the creek I 
risiiiir ."» f»M»t 111 a vory short timi», but the iK^rio<ls of hijrh water areof 
sluirt duration, owinj;: to tin* great sh)pi» of the stn»ani ehannel and 
the st<M'pnrss of th<* hillsitles over the basin. 

STALKVS CKEKK. 

Staleys Ci-eek, I'literin^ tlu* riv(»r from the south, within the limiti* 
of the town of .Marion, Va., is the next tributar}'. The valley of 
this stn»ani so far as seen was very largely eleared, pi-obably 50 \ieT 
<'ent or nion*. Tln' lower [)arl of the basin is mlling and j^rass cov- 
ered, but the upper part consists of tlie northern and eiustern slox)es of 
th(»l*ond and the IJrushy mountains, and is rough, broken, and moun- 
tainous, tlie slo|)es l)ein;i: very steej) and forest eovei*ed. The lower 
jiart of the basin is in a iimestoiu^ foimation, but the sIojk^s of the 
mountains an' of sandstone. About l mil(»s from Marion, in the val- 
ley of this stream, is an iron mine owned by Mr. J. L. Woodruff, of 
Marion, from \vhi<'li ai)out loo tons of ore are shipiKMl daily to the 
furnacM" at Pulaski, Trnn. 

The fall of the stream is ronsid(jral)le and it is more largely us4h1 for 
power puri)oses than any stream of its size in the rejj^ion. The iii'st 
fall is known as the Old Foundry site. A fall of 17 feet ean be 
oblain<'d at this place, yielding about 'Jn horsepower. The site is now 
unoccupied, but. a small wagon factory is to b(» built at an early date. 
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About one-fourth of h mile above the Old Found r>' Hil4» and prarti- 
lUy one-fourth of a mile above the mouth of the enN»k is S«»av<»r\s 
laniug mill, where the fall i» 18 feet, and it ih said that \x hors<*- 
ower is developed by one 18-ineh Suwiess turbine. The iwi» \a a 
lank flume 1,400 feet lon^, and there ih pra<*tieally no dam, only a 
ight obstruction, just sufficient to turn asi<ie the wat4»r of the «*n»«>k. 
he mill contains wood-working machinery and a gristmill, and it is 
ud that the stream does not at all times furnish iN)w<'r suffi<M<*iit to 
jvelop the horsepower stated, occasionally falling so low as to yield 
dy about horsepower with 18-foot fall. 

Atkins Brothers^ mill is 4 miles above the Si^aver mill and iiianu- 
<*ture8 spokes, hubs, pick handler), etc., and siiws walnut timlM»r for 
q^rt. It uses alxnit 18 horsepower, develoi)ed by an IS-inch Sue- 
«s turbine working under a head of 18 feet. Tln*n? is a v«Ty sliglit 
im, barely sufficient to turn the water aside. Tlie wator is 1«mI to 
lc mill by a plank flume :^00 feet long. This is th«* last mill on the 
eek. 

BEAR CREEK. 

Bear Creek, which enters the river frcmi the north alMMit *» inilrs 
X)ve Marion, Va., drains a i>art of the s<nitherii slopes of \Valk«'r 
ountain and the northern slopes of the Brushy Mountains. Tin* 
hole area is extremely rough and mountainous. Probably l('ss than 
le-third of it is cleared land, the cleared areas l>eing confin(*<l to the 
)mparatively level land immediately along the stream and to some of 
le lower and more gentle slopes. The stream proliably in*ver falls 
wer than the i)oint reached during July and August, 11)(h>, when it 
as carrying about 2 second-feet. During fl(KKls it rises about 4 feet 
: the mouth. Some timl>er has been cut in the valley, and consider- 
b\e quantities of tan l>ark are stripped and hauled to the railroad at 
[arion. There are no mills on this stream. 

WATAUGA RIVER. 
PHYSICAL FEATURES. 

Watauga River rises on the northern and eastern s1oik\s of Grand- 
ither Mountain, on the southern boundary of Watauga County, 
:. C, and after flowing about 6 miles in a northeasterly direction 
; joined by Boone Fork, a stream which rises on the eastern slope 
f 'Grandfather Mountain and flows first due east about 4 miles 
nd then to the north alK)ut 4 miles, or to its junction with the 
Tatauga. At the junction the river changes it^s course to the north- 
est, and with many bends, rapids, and falls flows through Wat^iuga 
'ounty, N. C, and Johnson and Carter counties, Tenn., uniting its 
aters with those of the South Fork of Holston River about 9 miles 
orthwest of Johnson City. In its course it is joined by many tribu- 
%ries. It drains an extensive area, a large part of which lies in the 
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i-iii i<iii-< I in »«-i> »'«-ii iii«&i ivi-<i irii« .^i«'«ii «'iitii <ii-ii-i ini 11 7*. t lie 'li^ m<iii? 

arc: <1) Tlic ai'<-a lyiii;r to lh<* \v«*st of i1h* lrt*u .Mf»iintaiii> im thv 
iiorlli >i»l«' nf llii' rivi*r; (J) tin* an»a lyin;^ In tin* t'ltsi uf tin- Inm 
Moil 111 aiii>: ainl (•>) the arra lyin;: to tlu* wvsi of tli«.* Iniii Mountain 
on tin* soulli >\iU' «»f tin* river. 

AltKA I.YINO Tm TIIK WKsT OF THK 1U«»N MOlNTAlNS i>N TIIK MilTII SlUE <>K THE 

ICIVKK. 

This porlioii of tin* <lraiiia^<' basin of \Vatan;:a KiviM'coiupriM'sthe 
an'a> draiinMl hy <iap Crofk, P«iw<l«»r l>ranrli. ISufTalo ('n-t-k. Siiikiii? 
('r<M'k, aii<i liriisli ('r(M*k aint is soiitr ilistancc from tin* inoimrainM, 
As a rcuiMMjih'iirc ii is iiiurh li'.ss ru^^^iMl than tlir country farther to 
tli«' cast, is heller a«la]>tc<| toa.irricultui**', an«l a ;rrcat part of ihrlauil 
is dear-cd, hay lM*in;r th«» ^.i'incipal prod net, though niueh eorii and 
wheat are irrowii. .Most of th<' area drained bv tliese streams is either 
h'Vel or very;r<'ntly rollinir, an<l o\er tlie ;rreat«*r part of il im.»hiiblT 
about '.Ml p«.i' rt'iii uf the hiiid is elcaretl, the woodhiml bidn/i; continHlto 
thi* top.N of sonn* of ilie lii^lier hills ami ti> small and isolateil an-ason 
the In\v«-r but l«»ss fertih' tracts. (.>f llie total area drained bv Th«'S«* 
>trcaMi'^ |H'nli;ibly rnoi'c than 7't per «-cnt is cleared. The .soil is ihr|i 
and fell ill- and ilt«- t-niiiiiry loek i^ without ex<*eplion a lime.sTon«'. 

< >nc it]' tin- prenliar fi-atures tt\' this area is the lar;:e nunilKT nf 
small cImnimI draifiaL:c ba>ins, ur sink>, which have Imm'u noted in utln-r 
\vatiT>licrN Mt' the r«-i:i<»n and whicli here occur in ilie ncarh IrVi-l 
Mpian<l> di\ idinir t lie basins i)\' t In- variuus >mail creeks. Thi'Sr sinks 
aic pariienlarly imtieeable fm- lln-ir si/.e and nuMdiei- near Millijrau. 
Tcnn., at which place oiMiniln- lar;^csi ^ eri durin;rthe whole invrS- 
liLiatinn. une nl' tjieni cuvei*inn an af<*a <*siimated at b' acres aiul 
havin.ira larirc p<M»l of wat<T in its Imiioni. This ltieant\ isihi-oiiiy 
o?H-, howevi'i", Mv«'i- the w hnle area drained by Watauiia ISiver in 
which tln*s«' ba^i^^*^ oeeur. 

\\ii:\ r.viNii T«i Tin: wk«*T'i|- tin: ik«»n mmim kins .in tiik north >inF. ««fthe 

Jii\ i;k. 

This porti<in nl" the l»asin incliide> tin' \alley nf Liek C'rei*k, tin* 
ar«'as draiih'd l)\' se\eral sniall brain-hes, the lar^^e vallev <lraiiied l»v 
Siuri\ Creek, and a part of the hitrh and ruiXLTei] aii-a covered bv lln' 
Ib»l.stt»n M<iuntains. 'I'iie latier, huwev<M', Ifoni its charaeter inori* 
|)ropei'lv belonirs to the area hiiiir to ! he «asi of the Ii-on Mountains. 

Kor pei'liaps a half mile ur a little nmre tn tjie north of the rivor, 
near ( arter, the eniintry i> vej-y hilly ami louuh, with .stee[i slo[H*>. 
iiiid is hir«reh" wt»oded. It cliaiiLres uradualh as the level of tho 
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lands L< reached and Ijecomes gi'ntly nUlinfr. Iieing i-<»niiKiH<Ml 
large and broa^l swells or ridges and low, flattene^l hills rising frf>m 
to 3C» feet aliove the level of the valleys l»etween them, the valleys 
Lng generally broad areas of level lan<l. The hillside slofK'N are very 
Dtle, ranging from 5 to 10 degrees. AlMiut 75 p«*r e«.'nt of th«* an»a 
pears to Ije cleared, alioot half of the I'lean'd land l>eing grass 
rered. 

Limestone is the country rock, as on the siioth side of the rivi*r, but 
ry little is seen expose^l. The soil b* deep and fertile, that in the 
ine«liate valleys of the creeks being largely alluvial, wliih* on the 
lands it is gray or yellow in rrolorand loose and |M>rous in character. 
Hie forest growth, which is pine, fiak, and chestnut, is in small 
sas, which as a rule are t<io widely M*i>arate«l to have much efft-ct 
the run-off. 

rhe country' immeiliately along the river from Carter to the town 
Watauga Vallev Ls much broken bv a numU-r of lan:«* hill>. wlijeh 
Ef much steejier than those heretofore obs«-rvi^l. but ju>t aU»VM the 
Iter place these recede from the river, leaving the trenenil apiK*ar- 
ce of the tofKigraphy similar to that note<l on the viuth >ide (»f the 
"eam, though a little more broken and rough. The )iill> are the 
tliersof the HoLston Mountains, and are coverr.-<l with a den^e forest 
owth. 

Kear Elizaljethton the bottom lands an- ver>' brr^ad and fertile, 
tending uji the river as far as the mouth of Stony Tre^fk. The val- 
irof the latter .stream is of considerable wi«lih. Inimediately along 
e creek and on the first Ijench or terraf^-e the elearerl land forms a 
rge portion of the area, but with this exception the liasin ]*• in for<-?»t. 
le cleared land is said to amount to from 1*» to II'*. i^-r ^-ent of the 
tide, thLs Ijeing all that Ls fit forcultivation. onaceounT of t h*- **t'''ff>- 
•ss of the slopes, the mountains rising verj' >harply from t Jje valleys. 
ley all are heavily timliered, little IumUrrin;r havin*/ \m'*'U done in 
is area. 

AREA LYIXO TO THE EA.-T ' »¥ THh JitOS MorSTAlV-. 

This part of the draina^re liasin of Watau^ra liln-r difTer* ver>' 
eatly from the areas ju.st descril>e<]. ?i«-:ii:5 rou;rh, ni-^'^ti*\, .'*t>-<rp, 
d mountainoiLs, containing a verj- ^rnaK profi^#r:oij of eir-ar'd and 
Itivateil or cultivable land, l^ing large]-.- t'oY*rr*i*l wi?h the original 
rest growth, which is rank. denv-. and luxTjrian?. 
i\» the river Ls aseende^l the lim^-^ton*'. wh;eh -Aa* -h" '-ountr/ rtpt*k 
er the areas just des<^rrilj*-*l. 'jivt-^ place v, ^Ih**-^, -hale-, w-hi*-?-, and 
ndston«.-s. and these in turn to :rraniT'-s afjd zu^-l^i^^. whjeh form the 
nntr>- njcks over all of the f^-:n in Norh ^ aroiina. Away from 
e river the land seems to ^i«- a)^i»j* one-f^jjrth *'.U''Ar*'*\. but UmU^sui 
the deep and fertile surf a'^r '•'/ver:n;r -^-<-n tM^forti the v#il jh ^^hallow 
d in many pla^?es L^ fu!] of rr^.-k fni::ui*:uiii^ ofU'tt angular, ntftnti- 
nes rounded as if water»orn. and in ssatuy pla/^^ a fttratnin of iUf^m 
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fra^nifiils J or .'i f<M't iNMioalb IhosiirfHCH^ iss<M2ii exiKKHnl inUiel)inbl 
by \\\r r(ia<lsi<lt*s. 

Towanl tlh* N«n'lli ( aniliiia lim? tlio anioiiiit of cleared laud duBn-' 
islii's tr^'atly, tin* iinmnlains rising t<M) ste4*ply fnnii the water sedp^ 
In admit (»f c-loariii<r. As tin* i'iv<M* is a.sirt'ii<l(Hl i\w valley iiarruwsaBlj 
the liiniiii tains rise to ^rrcattM- liei^ihls, often showiiijt;preeipitousvalii| 
of ban* rock several buinlnMl f(*(a lii;;h, forming a eliHsm knownutks 
^'orire of the Waiaiitra. An o(*easi<>iial small clearing maybefooDdl 
on (he slopes bark from tlie river, >vhen.^ the eountr^' is lessroggri,. 
and on these settli'rs try to wrin^ a seanty sulwistence from thestoayi 
soil; but as a rule tlie mountains are foreated to the top, though oeeir' 
sionally an undue amount of e\iM)sed ixH*k on the slopes renders An 
^roAvth sparse and stunted. 

Within tlie <>:or;;e f»f the Wataupi then; is no hmhu foraroadand 
barely spaee enough for the stream. The ehannel is very rough inl 
broken )»y many rapids ami sudden falls, and the water mshes along 
witli ^n-eat velocity. In tin* S miles ilirou^h which the g«)rgeiiuiyto 
sai<l to «».\t<*nd the avera;r«* fall is alnnit 05 feet to the mile, and ii 
many [ilaees it is min'h mon> eon<*entrate<l, one notable loi*ality l^eing 
ni»ar the State line, wlien* tln»re is a straight, plunge of JO or 1- feet, 
known as the Falls of the Watauga. 

rpstreani from th«' gorge the mountains rise to less heights, tte 
valley broadens sliglitly, and the u]dands baek from the river are 
suitable [Hr airrieult nre on a small scale. They an* partially idearri 
anil cnlii\ated in grass or grain in the pla<*es wliere the hillsidi>slo|«8 
aie not gieater than J«» or .*»(» degrees. The hills do not nH*ede fu 
ennngli to perniil the formation of bottoms until the bi*oad strip (rf 
h'vel lami known a^ N'aiie ('i-u(*es is reached. A short di stance alwve 
tiiis tin' ;rori:e is red»'vel<»[MMl, though in a lesser degive, and therein 
very little cleared land directly along th<» river until Shulls Mill is 
n\'i<'lnMi. Tln're are small areas of cleared lan<l up some of thetrib- 
u1ari«'s, howcxer, also along the river Iw'tween Shulls Mill and Foscoe, 
so that it is estimated tliat of the total area drained ])y the river alwvi* 
tlie North Carolina line about one-third is clearetl land; but afterftD 
inspect ion of tlie basin this estimate seems too great. Above Shulls 
Mill the WatauL^a has a length <»f from .") to tj miles, nieasui*ed in a 
straight line, and tlrains an area of which a large part is well suittni 
to a;;ricnlt nre, being in the foi-m of broad and fertile bottoms and 
terrace lantls lying dorse tf) the stream. About 4 miles alK)ve the 
mouth of the Hoonc Foi'k, however, the slopes of Grandfather Moun- 
tain on the north and of Hanging Kock on the south elose in on the 
riv(M* an<l the amount of arable land becomes very small, the 
chaired land being about one-fourth ov om^-fifth of the whole area 
above the jun<'tion of the Doone Fork. The soil of the bottoms u^ 
de(»p and fertih', being lar^^^ely a black alluvium, but that of the hill- 
sides is oft(»n shallow and full of angular fragments of broken sloue, 
and is n<>t very ju'oduelive. 
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The portion of the basin in North Carolina lies in Watauga County, 
'lich occupies the entire breadth of the very elevated mountain pla- 
^n between the Blue Ridge and th,e Unaka mountains. It is trav- 
in a northerly direction by two massive cross chains connecting 
two great ranges, viz, the Rich Mountains and the chain of 
lich Grandfather Mountain may be taken as the starting i>oint 
Mmd Hanging Rock and the Beech Mountains as the prominent peaks, 
/^^Uie basin of the Watauga lying to the west of the Rich Mountains, 
surface of the whole country is very rough and rugged and has 
average elevation of about 5,000 feet above sea level. The stream 
"^idleyB are as a rule very narrow, but at intervals there are consid- 
^orable stretches of bottom lands. The soil is generally a stiff gray or 
yellow loam, producing grains and grasses in abundance. Cattle rais- 
ing is an important industry. Along the headwatera of the stream 
tibere is much alluvial soil in the creek bottoms and a great deal of 
"Vegetable mold on the mountain slopes, while on Banner Elk Creek 
Mid Elk Creek the bottoms assume the form c»f peaty lK)gs, which are 
Very deep and retain the water draining into them from the mountain 
slopes for a long time, feeding it out to the streams gradually. 

SCENERY. 

All of the area drained by the Watauga in North Carolina lies in 
the high mountains, and the scenery is wild and pictures<iue, the exact 
opposite of that along the lower part of the stream or on the Ilolston, 
irhich is quiet and pastoral. Many beautiful mountain views are to 
be obtained, with quick-changing cloud shadows and with wisps of 
filmy clouds clinging about the summits, but the valleys are so narrow 
and so tortuous that it is seldom a view can b(> obtained from a suffi- 
cient distance to give its full beauty, although there are places near 
the gai>s and on the divides where may be seen views approaching 
in grandeur any that the mountains afford. 

The rugged beauty of the whole area finds its culmination in the 
massive bulk of Grandfather Mountain, which rises to a height of 
5,964 feet, far above any peak in the vicinity, and is probably the 
most massive, wild, and rugged of the i)eaks of the Southern Appa- 
lachians. Though by no means the highest peak in the range, it so 
towers above its surroundings that one of the most extensive views in 
North Carolina can be obtained from its summit. From certain direc- 
tions and in clear weather the summit of this mountain is seen to form 
the profile of an old man — hence the name — but this is seldom visible, 
for this grandfather of mountains keeps his face almost perpetually 
veiled in the clouds. 

RAINFALL. 

Like all other drainage basins throughout this region, the basin of 
the Watauga is subject to a very heavy annual rainfall, being greater 
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iH'ar tilt* 1if*a(lwati*i*s, wIk^ii^ (t mud fat he* r Mountain c'auHcN an almoik 
(MMislaiit |»r('ci]>ita1ioii. This rainfall at times comos in theformof 
vioiciil rain si onus, hiii iht^st) an' infrequent, Iho precipitation beiog 
woll disirihiittMl tlinxi^hoiit the year, though the summer rainfall ii 
tlie ^nsitcsl in anion n1. At limes the heavy rains an^ long continued, 
lasting; «i wi'ck or more, antl the streams risc^ to ^rcat lieights and doi 
vast amount of <iama;:e. It is said that the greatest floo<l known ii 
this seriion of iIh* rountry <K*eurnHl in 1807, when there was a week 
of lieavy rainfall, followi^i by a violent rain storm lasting twenty-fon 
hours and si'emingly (^xtentling over the whole l>asin. At Butlertke 
river ros<» is nM»t above its low-water mark, washing away sevenl 
houses an<I barns and totally <lestroying a great many acres of vali- 
able lN)ttom lands lying immefliately along the river. Similar Hoods 
are n'porti»d to have occurred in the valley of Roan Creek in ISfiland 
in is7n. Dronglits are infivquent, and jia a rule are neither severe 
nor long <'ontinuetl, the <lrought of IIKH) InMUg the most severe vrithiB 
tht> uHMUory of the inhabitants of the basin. 

SI'RINOS. 

A niarkfd fcaiurc of the region is the gn^at nunilter of springs, 
the discharge of whicli ranges from less than a gallon a miuiiteup, 
several luMug of very large size. One of the larger springs is in the 
village of Allentown, Tenn. The spring baisin is nearly KKJ feet in 
diameter and lias a <lis<*liarge estimated at fn)m 8 to 10 cubic fe<*tper 
se<*ond. Another large spring is <lirectly on the bank of tlie nvor, at 
the (own nf Kislis[)ring. Here tlnM'c are a niimlK'r of small streams 
flowing fioni <M-evi<'<'s in tlie rock, the aggivgate volume Ixuni^ToTS 
cubi<* n*el iM*r scM'ond. The peculiar feature with ivfeix^nce tu this 
si)ring — t'o?* which it and the town wei-e named — is that in the autumn, 
when the water of the river begins to grow <rold, a large nuinlH>r of 
tish, esp<M-ially sun i>ereli, <'onie from the river and enter the l>iisinof 
the larger spi'ing - a caviTU betieath the surfa<*e of the earth — where 
tliey spend the winter, retui-ning to the river after spring o(kmis and 
the I'iver wa1<M- is again warm. Twenty-one hundred fish were caught 
in one season Ijv means of a trap placo<l at the mouth of this spring 
when the lisli wei-e returning to the river, and 1^5 have Iwen caujjht 
in a single night, all being very fat. This indicates the existenct* of 
a bo«lv of watei" of <*onsiderable si/e In^neath tlie surface of the earth. 
This suj)p()sition is boriK* out by the fact that about 40 feet from the 
river an an^a probably -5 feet square lias sunk several feet within 
thr last few years, and a hole has op4'ne(l in about the center of the 
dejiression ihi'ough which fish t*an in the winter l>e caught by means 
of a hook and line. 

TIMREK. 

There is a great deal of valuabh* timber still standing in tlie basin 
of th<' Watauga, only about on<vthird of tin* an^a being cleared and in 
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Itivation. The character of the timber varies as the stream is 
sendee], hard wood seeming the predominant growth along the lower 
rt of the stream and its tributaries, but gnulually giving place to 
le, spruce, or hemlock. On the upper part of laurel Creek and of 
) main stream, uxK)n which the most extensive timl)ering oi>erations 
7e been carried on, the growth seems composeil entirely of the latter 
es, and the yield of timber is heavy. Evidences of extensive lim- 
ing are to be seen over almost the entire basin, the river at the time 
both visits — one in the summer and the other in the fall — Iwing full 
logs waiting for a rise in the stream to carry tluMn down to the 
Is. Numerous splash dams have been built on the tributaries and 
eral on the river itself. 

MINERALS. 

^ot many minerals or mineral localities are n»iM)rtcd from this 
»n, the only place where mining rises to the dignity of an industry 
ng at the famous iron mines at Cranberrj% N. C, when? is mined 

iron which rivals in quality and purity the l)est Swedish ore. 
ere are other deposits of iron ore in the basin, those on the upper 
•t of Roan Creek and on Doe Mountain being perhai)s the *most 
;e<l. Formerly some copper was mined at Elk Knob, just l)eyond 

eastern limits of the basin, but nothing has been done there for 
eral years. 

TRANSPORTATION. 

Tie transportation facilities for the greater part of the basin are 
irely inadequate. The East Tennessee and Western North Caro- 
i Railroad, from Johnson City, Tenn., to Cranberry, N. C, fur- 
lies an outlet for the products of that part of the bjisin, and the- 
giniaand Southwestern Railroad, from Bristol to Elizabethton and 
Qce up Watauga River and Roan Creek, serves the northern part 
,he basin, but the whole area within North Carolina possesses no 
road, its facilities for transportation being limited to the country 
ds, which with the exception of the one paralleling the river are 
y poor, being steep, rough, and full of stones, so that it is impos- 
e for a team to haul more than half a load over them. It is 
Qght, however, that this condition will soon be bettered by the 
struction of a railroad from Lenoir, N. C, to Blowing Rock, and 
Dce across the basin, probably following the course of the river a 
siderable distance and connecting with other roads, either at Cran- 
ry, Butler, or Mountain City. Watauga County has recently 
horized a bond issue of $100,000 to aid in the construction of this 
d. 

DISCHARGE MEASUREMENTS. 

during the investigation a gaging station was established on 
ttauga River at Butler, Tenn., and on two of its tributaries — 
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The fall «f tim Watauga River is very great throughout i 
aii<l the H<-l4'<!tien of shoals for iitilizatioD would be largely 
of coiivoiii^tiieii, tlio averatfo fall of the stream in Tennesi 
alioiit 1.5 fi>ot to tlm mile, aii<1 between Shulls Mill and the 1 
lirii^ about 47 foot to the mile, with many short stretches ^ 
fall JH irnu'h Kivater. Very little of the vast power in thi 
utilixfd, however, either ou the river or on its tributaries, thi 
HO far as could lie am'^rhiined, only three mills on the mail 
and tliesi> all small ones. The first mill is at Watauga Pall 
roller (lour iiiill with i\ (rapacity of .'fO barrels per twenty-fo 
'Hie second one Ik just below the month of Cove Creek, whei 
a fall of alMnit !' feet and a vorj- good location for the consti 
dams and buildings. Here there is a small sawmill and wi 
whieli uses a small pntponion of the water by means of a h 
tub whiH'l yielding an unknown autoiint of power. 

The lirst shoal that eould Iw develoiMXl into a power of 
able magnitude is just alwve the North Carolina line, whei 
n fall of alHmt 10^ foet^ but it is in a deep goi^* and at prw 
iniu.'i'eHsible that it is of no iw\tott«.net.> »\s i\. vw«^^^ ftSXR, 



TBIBVTARIIS OF WATAUGA KTTER. 



8S 



Tor about 4 milee above this place, or as far as the month of 

' Jtoo ch Creek, the concentration of fall U very great, and dams of 

:. tfliBoet any desired height could be built without excessive lengths 

' across the top, and powers could be obtained limited only by the 

Ikeights of the dams. There is a similar locality just below the mouth 

of the lower laurel Creek. 

Above this point and on through Yalle Cmcen there are a number 
of shoals in the river, but the average fall in the stream is lens than 
tiist above or below, and since the bottoms are very broad and lie only 
k few feet above the water level, power could not advantageously be 
btained in this part of the course of the river, on account of the flood- 
g of valuable farming lands. 

Jis has lieen slated, the gorge is redevelope^l on a smaller scale a 

liort distanll^^ above Valle Cniees, and the slope of the stream becomes 

ery great, lieing a succession of rapids with large fall and many 

■bbrnpt plunges. There are a number of places where a dam from 60 

i te> 70 feet high could be bnilt with stone quarried on the spot, while 

* -tbe level tops of the hills would afford a safe and excellent loi-ation 

for buildings; but until this country has made material mlvances 

'< and has provide<l means of transportation for raw materials and lin- 

i bhed products, it is uxtremel}' improbable that any development of 

" ,■ wster power will ]^e made Iwyond small amounts for purely local needs. 

- ^ TRIBUTARIES OP WATAUGA RIVER. 

7 
-* UI8CHABQE HBASUKBHBNTS. 

During the investigation the following measuremenls were made of 
the tributaries of Watauga Kiver, in ordei- upstream : 

Diaeharge meaaurementg «/ IrQmlarie/i of Walau<j<i Hiver, 



Krt„«,.pl.„ £X. 'fc 



JtUyla 
Aii«,i|i| 

Oct 4 

An* B 
A«1B IT 
Aug, 3 



Bruifa Creek.... 

-..do 

... do 

SlnkliiK CTMk. 

— .do 

Bnffklo Creek .. 

... do — 

«Bp Creek 



Vniitoii Creek.. 
SbaU Creek.... 
DoelUTer 



Nmu- Carter. Tenn . . 



.1 LV.Brancb.. 

TE.'w''MVeri"; 
L.V.IIraacti.. 

,' E.W.Myers .. 
.: L, V.Branch.. 

. E.W.Myar«.. 



AllsDtown. Tonn . . 



Hear AllenCowii. Teop... 



Above Eliubethtoii, Tenn . . 



L, V. Bnmch . 
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Diseliarge measurementn of tributaries of Watauga i^tt^er— ContinTifid. 



Date. 



1900. 
Oct 5 
Dec. 31 

Aug. 3 

Oct 5 
Dec. :n 
Aaff. 13 
Jnly 31) 
An?. 13 
Oct. 9 
Jnly 30 
Jnly 29 
Anir.13 

Jnly 30 
Ang. 7 
Ang. 17 
Oct 6 
Nov. 7 
Dec. » 
Ang. 13 
Jnly 30 

Ang. 6 

Do . 

^"gi, *. 

Auk. 1:5 



Oct. 
AnK- 



8 
II 



Oct 8 
Aug. » 
Ang. 17 
Oct. « 
Auk- tt 

Au^. (I 



Stream. 



Doe River 

ilo 

Stony Oook... 



Do 
Oct. 
Aug. 

iU'.t. 
Aug. 

Oct. 
Aug. 



(t 
1» 

li 
9 

t] 
10 



Oct. : 

Aug. 12 
Oct. IH 
Aug. 12 

Aug. 10 I 
Oct. 7 
Aug. 10 
Oct. 7 
Aug. 10 

Ort. 7 
Aug II 

Aug. 10 

Oct. 7 



do 

do 

Doe CreeJi . . 

do 

do 

do 

MlIlCYeek.. 

Town Creek 
do 

Forge Creek 

Roan Creek. 

do 

do 

do 

do 

.... do 

do 

do 



Locality. 



Above Elizabethton, Tenn 

do 

One-half mile above month. Ten- 
neflrice. 
do 
do 



E.W.Myers... 

, Ernest Oraves 

f vysprlngjMMt-ofBce, Tenn j L. V. Branch. . . 



Hydrographer. y^^ 



E.W.Myers... 
Emeftt Graves. 
L.V. Branch. .. 



Ub 



Dark Ridge 

C^reek 
Little Elk Creek. 
Blevins Creek 



Month of Doe vtown), Tenn. 

... do 

...do 

At month, Tennessee 

At Hhonn Crossroads, Tenn 

do 

Near month, Tennessee 

Butler, Tonn 

...do 

...do 

....do 

-...do 

.-..do 

Key Htation, Tenn 

Above month of Mill Creek, 
Tennt^flsec. 

One-half mile above month. Ten- 
nessee. 

At mouth. North Carolina 

CranU'rry, N.C 



E. W.Myers. 
L.V. Branch. 
E. W. Myers . 

do 

L.V. Branch. 

do 

do 

E. W. Myers . 

do 

do 

do 

do 

do 

L.V. Branch. 
E. W. Myers - 

L. V.Branch. 



.do 
.do 

.do 



E. W.Myers. 
L.V.Branch. 

EL W.Myers.. 

do 

do 

... do 

L.V.Branch. 



Feet. 

5.a 
6.95 

7.9 
4.60 
5.94 

&.a 

5.19 
5.46 
9.4H 
2.48 

8.te 

4.58 
1.47 
l.US 
0.» 
0.86 
1.50 

i.ao 

4.85 
5.7U 

4.65 

6.(0 
6.9ri 
5.61 



4U| 
M 



u 

T.I 

VJ 

ail 

m.1 



5.61 

ll.» 
ii.e 

3.5 
3.5 

7.21 

l..Vi 

5.6 



U 
6U 

II 

11 

5« 
71 



Cranberry Cret*k ' do 

North Fork of i At Banners Elk, North Carolina., do 

Elk Creek. : 

do I do 

South Fork of I do 

Elk Creek. 

do do 

ElkCreek j Linoback, Tonn 

...-do. - .. do 

do do 

do OH«^-balf luik* Uslowuiouthof tbo 

I..ittle Rlk.Tenncs.se<>. 

Big Dry Hun . Ono-eighth milo above mouth, do 

North Carolina. 

FogrvCrcek At mouth, North Carolina ■ — do .. 

.. do do lE.W.Myers | 

l^>t»rh CnH.»k . . - . I Abovo moutli of Fogoy Crook, L.V.Branch 

North Carolina. . 

.. do ,.. . do I E.W.Myers 5.7 

B H a vc r d a m I Near Loandor, N. (' ' L.V. Branch 5.59 

Cro««k. 

do i do I E.W.Myora 

Laurel Crook At mouth. North Carolina L.V.Branch ! lO.iC 

(lower). i i .^ 

...do ' ... do E.W.Mycrs , 3.? 



4.1 

«.« 
Till 
Sit 

519 

an 

1.4 

ii 

:.i 

7* 

:.o 

4.0 



2.17 

2.'(«" 
4.:n 



RfM^kbouse Creek do L.V. Branch 

do. do K.W.Myers 

Brushy Fork of |. .. .d<» L.V.Branch 

Cove Cr<.H3k. 

C(»ve Creek A1k)v<» mouth <»f Brushy Ft>rk, ' do 

' North Carolina. 

do At moutli, North Carolina , do 

do .. do , E.W.MyerB 

Dut«h Creek ....| Valle Cruets, N. C L.V.Branch 

do do ' E.W.Myers 

Laurel Creek At mouth. North (Carolina i L.V.Branch 

(upiwri. ' 

do i\o I E. W. Myers 

Moody Mill do I^. V.Branch 

(^?reek. 
Boono Fork of ' Sbulls Mill. N.C ...do 

Watauga River ' ' I 

. . do I .. do K.W.Myors 2.11 



I 



.-1.34 

7.42 

7.:i7 
2.62 

2.87 
3.31) 

2.:»» 



113 

5.1* 

33.0 

110 
ItO 
11.0 
6.0 
lilO 

6.0 
4.0 

liO 

lao 



NoTK.— At regular stations of tin* Geolt)gi('al Survey gages are installed by which the riae d 
th«' river is uieasuro«l. an increase in the gage height reprc^ienting an increase in the discharge 
of tbe .strwim. This is true<^f tin* moasurem<»nts in the above table which were made of BoM 
Creek at Butler, TeniL, and of Elk Cn^ek at Linel»aek, Tenn. In making: the other measnre. 
mouts in the tabl«.\ however, Ixmch marks were established and measurements were made, by 
moans of a sto<'l tap<i, of the dlstan<*e from the bench mark to the surface of the water. In 
those case.s, therefore, an increa.s«« in the gage height means a lowering of the water surface and 
a corresponding decrease in the dis<:harge of l\ie stvv^awv. 
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BRUSH CREEK. 

The first tribntary of the Wataugrt which was ma<le the Kubj<H*t of 
ivestigation was Brnsh Creek, which rises near JohnHon City, Tonn., 
id flowing in a general northwesterly direction joins the Watauga 
short distance below Carter, Tenn., having a total length of ]K*1woen 
and 8 miles and draining an extensive area. The drainHg<' l)asin 
insists of large but low hills with very gentle Hloi)es, larg(»Iy grass 
>vered. Probably 90 per cent of the area is cloannl land, largely in 
ASture, but a small part is cultivate<l in corn and wheat. Tlu^ soil 
» deep and fertile. The country rock is a limestone*. 

The creek has a fall of about 400 feet between Johnson City and its 
louth. The water is used by two small mills, too small to Ih» of 
nportance, and there is no definite information concerning tht^ni at 
and. It is probable that this creek reached its mininniin stag<* in 
eptember, 1000, when it was discharging alK)Ut 5secon<l-f<M»t. Dur- 
(ig flomls it rises about 3 feet above low- water mark at its mouth. 

SINKING CREEK. 

The upi)er or second Sinking Creek, which entei*s from tlio south, 
H the next tributary. It drains a narrow area betw<M»n in and 11 
niles long, alK)Ut three-fourths of the lower part of which is cleaned. 
Ls hea<lwat.(^rs drain the northwestc^rn slopes of the HutTalo and the 
.'herokee mount^jiins, a rough and rugge<l area, dens(»ly forested. Tin* 
characteristics of soil and topography over the low(»r part of the basin 
ire in every way similar to those of the basin of Hrush ('re(»k. The 
»tream was very low at the time it was visited, early in October, 
ittaining its lowest stage during that mcmth. It was carrying 4 
"eeond-feet when measured on October 4. During Hoods it rises 
ibout 2 feet. 

BUFFALO CREEK. 

Buffalo Creek, tne next tributary, drains a much larger area than 
ither Brush ('reek or Sinking Creek. The greater part of its drain- 
ge basin consists of low, flat, and rounded hills, for tlu* most part 
Tass covered. Probably fn)m 85 to 1*0 per cent of the lower portion 
f the basin is cleared; but as the stream is ascended the (jountry 
ecomes more rugged, being very steep and mountainous near the 
eadwaters, and is largely covereil with forest, though it is probable 
hat three-fourths of the entire area drained by the stream is cleared, 
t is in the basin of this stream that the great number of sinks which 
ave heretofore been mentioned as occurring near Milligan are to be 
i>und. These sinks occur from Milligan to the east and southeast as 
ar as Gap Creek. At the time of the fall visit (October 4, 10(X)) the 
tream had reached it^s lowest stage of flow (10 second- feet). Its 
laximum flood rise is about 3 feet. 
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HufTalo ('riH»lv lias tlin^* small tributarios — Drj- Creek, Toll Creek, 
and PdWilrr nraiicli — all of which enter fnjni the 8ontheu8t. 

HAV CREEK. 

Gap Oeck, llu* next 1 ribiiUiry entering the Wat-auga f rom the south, 
hjis a drainage basin which seems in (*very way similar t4> that of 
]hifTaU> ('^^ek, with tin* exception that no sinks were 8e<»n. This 
stn^ain ivat-hed its Tiilniiiiiini sta^o in the fall of l!»r>0. When meas- 
ured on ()ctolM»r4 it was discharging 3 second-feet. It.s fit k>1 rise 
is alMUit :{ \'w\ a1 the inoutli. 

IM)K RIVER. 

The most important tributary ivc<»ive<l by Wataupi River is Doe 
Kiver, wliich rises in the hi^h and mountainous area to the west and 
north of Itoan lli^h Knob, an<l Hows in a ^reneral northerly and north- 
westerly dii*ect ion, joining t he AVataupi at Elizabt»tliton, Tenn. Near 
the mouth i»f the stream probably one- forth or more of the vallev is 
clearcil land, the <*leanMl areas lH*in^ the level Iwttom or ten-jice land 
immtMliately alon^ the river; but alKUit i miles atK>ve Kliziibothlon 
the ^orjre of the Ihw b<»«;ins, and fnnn that iK>int to AUentown the 
river (hnvs in a verv narrow <*hannel carved <uit 1)V its watera from the 
solid rock, which rises on t*ith<*rside in pivcipitous walls sevend hun- 
dred feet hi^rh. N<*ar Allentown, wIh^i'o Doe l^iver is .join<Hl by tht* 
Laurel Kork and Little I)<m^ Kiver, th<»n» is a consitlerable are;i of 
(»])eii and level nnibl«' land rimnied about by hi^h and steep mount<iuns. 
Above that ]>lace the ^orire of the Doe becomes moiv pronouncinl, tlu* 
sides risinir lii<rlieiand nion* steeiily alK)V<» the water, and the s4*enory, 
thon^^h conliniMl, Is \rvy much ^i-andtM* than that of the lower gorjre. 
A view in the upper i^tnire is sh(»wn in IM. XXIII. Throughout the 
j;(»r;^'e the lall averaj^es nearly or quite 100 feet to the mile, the greater 
part of it being in iai)l<ls; sutlden plunges are rare. Power in larjre 
amounts <'()uM be obtained here. Above the gorge the fall averages 
about half as much, being about ^')0 f(^e1 to the mile. 

'J'he wal4M" ]»ower of Doe Kiver is used at only two places. AtEliza- 
Ix^thton walei- is taken t'l-oni the stream above the town and is us(hI in 
the ()[K*ratioii of a small <'otton mill and several small gristmills. A 
small woolen mill i^ also sometimes t>j)erat<Ml by power deriv(Ml fnnn 
the stream. The laigi'st eonsutner of ])ower was a woolen mill which 
was burne«l se\eial vears aL^o atnl has tiot been nd)uilt. Near Uoiin 

« 

Mountain Station thei'e is a small lumber mill using three turbines 
working under a head of 1- IVet, but the amount of iM>wer developed 
could not be ascertaiticd, 

Liffh par /,*//v7-. --This stream, which is tributary to Doe River at 
AUentown, drains an aica in all iespe<'ts similar to that drained hv 
the main sti-eam abo\ e the junctioti, being v<M'y mountainous and 
largely forest eovere<l. So far as could be ascertained there is pnic- 
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Lly no cleared land above 2 miles from its mouth. None of the 
er of the river is utilized. The time of minimum flow was in 
:«mber, 1900. The flood rise at the mouth is about 4 feet. 
aurd Fork. — The next important tributary of Doe River is the 
rel Fork, which joins it at Allentown, draining an art»a similar to 
. drained by the main stream and by the Little Doe. Tlie Laurel 
k has a large fall and carries a considerable (quantity of watc^r, 
eh is used at Allentown by a small sawmill, and just alx)ve that 
^e by a combined sawmill and gristmill using a small amount of 
er and a fall of 16 feet. Another mill is n^iM)rted fart.h<»r upstream. 
I stated that active luml)ering oi)eration8 are now in progress over 
basin of the laurel Fork and that much timlK"!r has l)e(»n cut. 

STONY CREEK. 

he next tributary of the Watauga is Stony Cr<»ek, which enters 
river from tlie northeast and drains a loug and broad valley con- 
ung a larger proportion of cleared and cultivated land than either 
he streams just described. The cleared land, however, is confined 
he level bottoms bordering the creek and to the first iMmch or ter- 
j — this being all that is susceptible of cultivation, so it^ is said — 
amounts to only about one-eighth of the whole, the remainder of 
basin being steep, rugged, and forest covered. At tlu^ time of 
October visit the stream was said to have reached a point lower 
Q ever l)efore known. It was then (jarrying 16 second-feet. The 
b-water mark is about 6 feet above its level at that time, 
he average fall of the stream is large, and its waters are uwhI by 
3ral mills, all small, the first one being located close to the mouth 
ihe creek and using a fall of 10 feet, the power developed l)eing 
mated at about 12 horsepower. The second mill is a short dis- 
ee above and is a small corn mill operated by a homemade wheel 
eloping an unknown amount of power. The third mill is about a 
3 above the mouth of the stream and is a small combined sawmill 
gristmill using a small amount of power. 

ROAN CREEK. 

'here is no other important tributary of the Watauga until Roan 
ek is reached. The watershed of this stii^am, which joins the 
3r at Butler, Tenn., is in the area between the Stone Mountains on 

north and Snake Mountain on the south. The main stream rises 
tr Snake Mountain and flows in a general northerly direction for 
T 8 miles, when it is joined by Forge and Town creeks — streams 
ich rise in the Stone Mountains and flow to the south — and turns 
the southwest, flowing in that direction until its junction with the 
Sitauga. In the latter portion of its course it receives one large 
butary, Doe Creek. Roan Creek drains a very large area, known 

Johnson County Cove, which has already been s>om^^\va»\» \i\\fe^ 
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> cleared land above 2 miles from its mouth. None of the 

the river Is utilized. The time of minimum flow was in 

9r, 1900. The flood rise at the mouth is about 4 feet. 

Fark. — The next important tributary of Doe River is the 

ork, which joins it at Allentown, draining an area similar to 

ned by the main stream and by the Little Doe. The Laurel 

4 a large fall and carries a considerable quantity of water, 

used at Allentown by a small sawmill, and just above that 

a combined sawmill and gristmill using a small amount of 

d a fall of 16 feet. Another mill is n^iK)rted farther upstream. 

?d that active luml)ering operations are now in progress over 

L of the Laurel Fork and that much timber has Ikjcu cut. 

STONY CREEK. 

txt tributary of the Watauga is Stony Creek, which enters 
from the northeast and drains a long and broad valley con- 
larger proportion of cleared and cultivated land than either 
'earns just described. The cleared land, however, is confined 
i^el bottoms bordering the creek and to the first lK>n<^h or ter- 
s being all that is susceptible of cultivation, so it^ is said — 
lints to only about one-eighth of the whole, the remainder of 
1 being steep, rugged, and forest covered. At the time of 
ber visit the stream was said to have reached a point lower 
r l)efore known. It was then carrying 16 second-feet. The 
er mark is about 6 feet above its level at that time, 
erage fall of the stream is large, and its waters are used by 
lills, all small, the first one being located close to the mouth 
•eek and using a fall of 10 feet, the power developed lieing 
i at about 12 horsepower. The second mill is a short dis- 
ove and is a small corn mill operated by a homemade wheel 
Qg an unknown amount of power. The third mill is about a 
ve the mouth of the stream and is a small combined sawmill 
imill using a small amount of power. 

ROAN CREEK. 

is no other important tributary of the Watauga until Roan 
reached. The watershed of this stream, which joins the 
Butler, Tenn., is in the area between the Stone Mountains on 
I and Snake Mountain on the south. The main stream rises 
ike Mountain and flows in a general northerl}^ direction for 
liles, when it is joined by Forge and To^vn creeks — streams 
je in the Stone Mountains and flow to the south — and turns 
uthwest, flowing in that direction until its junction with the 
\. In the latter portion of its course it receives one large 
r, Doe Creek. Roan Creek drains a very large area, known 
^on County Cove, which has already iMi^n ^om<s>w\va\» VstSfe^ 
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(leseribod (p. 3S). Tin* immediate valley of (lie cit*ek eoiitai 
tieally all of the eleare<l land in its Imsin, though small areas hi 
cU'aretl on some of its minor tributaries where tlie land is sut 
h^vel for cultivation. All of the timlHMvd area is still in li 
forest growth, eonsistin^ ])rineipally of oak and ehestnut, 
maple, locust, pine, si)ruce, heml(K»k, pophir, and similar ti 
found. Probably 7."> per cent of th<^ aiva is still woodi»d. N 
mouth of the stream the valley is very narrow an<l the \}n 
of cU»ared land seems snmlh»r than farther toward the hea< 
where the basin beai*s a close resemblance to the count rv al 
South and Middle forks of the Ilolston, bein*j rather levid ai 
posed of low, <;rass-cov<M'ed hills, which ai*e laiirely clean*d. Th 
tainous areas are hi^h and stecj), showing a jrivat deal of expoj 
and 1mm Mii: in places dens(dy forestwl. 

The fall of Koan ('n'ckisconsiderfible, iKun^alxiut 4t>) feet 1 
the mouth of l)«)e ('r<»ek and a point al>out 2 miles 1h4ow 31 
City, Tenn., a distance of It) miles, n}aking the averaj|:e fall 4t 
th<» mil(^ l>(»tween Shoun Crossroads and the mouth of Mill 
however, the fall is much l(»ss, and there are stretches where i 
rent is very slu^jrish and the stream placid. The country 
no lon.i::er a limestone — (juartz rock, .t^neiss, and slate havin 
their ap[)earance. Although this stream drains so large au a 
has so irreat a fall its wal<*rs are usetl by very few mills. 

The first mill on the stieam is the roUer flour mill ofM^ratcd 
A' Scoit, a shoil distanct* above JJutler, which has a eniMieit 
ban-els a day and is opcj-ated by a turbine working under a 
1- fei'l. Tlic next mill is 14 tniles above lUitler and is a eo 
<rrislinill ami sawmill usinir a fall of 1l* t'eet and a very small i 
of ])oNvei'. Tin* only othei" mill on the stn»am is liaker's gt 
oppnsit*' liliea l'oi*^«\ wheie tlu'j'e is a fall of 18 feet. 

Kuan (reek iraehed its inin'iiium sta.i;e during the fall of IS 
was nicasun'd on Auirust lo an<l was carrying 5.l* second-feel 
aver.i^r Hood ri^r i> alM)nt '> feet, though there arc ivconls of 
lii.Lrliei- rise ill ls<il and in ls7(), whcii the stream rose to a hei| 
fet-t. 

pnf (''(lie- -This st i-cain i-isrsm-ai* Mountain City, Tenn., ar 
in a direriion nrm*rally p;irallel to the course of Hoan Cre<» 
wliirh it is s<'j)arat('d hy Djm- Mountain, Joining that stream ; 
niih's abo\r llntlrr. It drains n In-uad, Hat valley whi<*h formr 
of Johnson ( ount \ ('o\ r, an<l rnrni>lies moi-f utilized power tha 
(rei'k. its \\;ii<'rs brinii nsrd for tlir oprration of seven small i 
.1//// i'l-tih'. of tin* nnnierons small stj-eams tributarv U 
CimtU fi'om tliri-ast and sontln-ast non<' s«M*n wcj'e of sullicii^iit 
lanee to justify uauinir with the rxrcjition of Mill C'reek, whieli 
fi'oni tin- southeast nrar Kaki-r (ijip. 'i'his errek was gagiMl i 
mouth :ind its tliainai,^' basin xsas t?a\ei-M'(| fi-oni end to cinl. 
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m Creek the proportion of cleared land is Very small, but farther 
the basin widens, and near the stream all the land has Iknmi cleaned 
I is <Mi1tivat<Kl in corn and wheat or 8odde<l in ^raMs. Tlio (*1('are<l 
(1 amounts to between one-fourth and one-thinl of t)i<' total area 
inwl by the stream. AlKHit 1(X> yanls alH)ve the mout h of t hi* cn^ek 
Villon's gristmill, a small mill containing two runs of stones, one 
corn and on<^ for wheat, the power no<*ess4iry Immu^ dovolo|M»d by 
)-f«>ot (»versht)t w1km»1 of alx)ut 30 inches face, yielding alMuit V2 
s<»po\vcr. 

hn'N Crff-k. — This was the only other trilmtary of l^oan ('nM»k that 
5 ^'ii^ed. It was measure<l at Shoun Ci^ossroads. Tliere is one 
ill mill on the creek containing two runs of stones, one for corn 
I one for wheat, and usin^ 5 or IJ 1iorseiN)wer, which is develo|>ed 
all undei*shot Avlieel. 

ELK ('REEK. 

'he next important tributary of Wataujra River is Klk Creek (s(»e 
XXIV), which ris«»s at I$anner Klk Creek, on the slopes (»f the 
imtain known as Hanging llock, an<1 flowing in a g<'n(M'al (lire<'ti<»n 
Ilk' north of west is joinwl neair Klk I*ark by Cranberry ( n»ek an<1 
lie Klk Creek, after which it turns to the north, enti'ring Watauga 
>r about L* miles al>ove Butler. A gaging stati(»n was established 
his stream at Linelmck, not far above the mouth, where daily rea<l- 
s of the stage of the water 8urfai*t» hav<» been made, 
h*' average fall per mile throughout its length is very great, the 
ilwaters being at an elevation of about 4,0(K) |'e<*t alM)ve sea level, 
.r the mouth the fall seems to 1h» less than the averagi*, an<l tluM-e 
larg<' areas of cleared land and broad, level bottoms, from which, 
ever, the woo<led mountnain slopes rise very sharply to consider- 
? heights. There are small tracts of cl(»ared land as far up the 
am as Klk Mills. Between that jilace and the North Carolina line 
•e is practically no dealing, but beyond tin* State? line the country is 
e thicklv settled and the areas of ch»ared land are more numerous. 
( latter ai*e, however, of little importance compared to the total 
I of the drainage basin. N<» accurat<» (estimate of the relative 
portions of the wooded and cleared lands couhl 1m» obtaine<l, but 
H»ms safe to say that the amount of clearing is less than 5 jwr cent 
he area. 

he amount of power along this stivam is very great, but no 
*nipts have l>een miule to utilizt^ it, and it s<»ems improbable that 
I'ts in that direction Avill b<i niad(» for many yeai's to come, unless 
c sawmill requires power to cut the timber which exists in such 
iKlanr*c over the basin. Perhaps the most noteworthy of the 
el's is Klk Falls (see PI. XXV), where theiv is one of the most 
uresque bit^s of scenery to Ix^ found in this country. Here there 
straight plunge of L'O or 2S feet, and in the fii'st mile below it the 
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river falls 5;j feet iiu)n», while in the 4 miles above it the fall avei 
100 feet to the mile. 

AlM)ve the 1att4'r point and as far as Banners Elk there are nanM>-] 
ous shoals and rai>ids whirh would furnish small and eomi>act powe 
with from 10 to 40 feet fall; but there is no demand for power in 
pn»8ent Ktat<» of tlie count r>\ Near the headwaters, and in partieo-| 
lar ne^ir Banners Elk, the fall in the sti*eam is very slight, the creflkj 
flowing tlimugh seniiniarshy areas and swampy meadows or pealfj 
liogs rovere<l with a dense growth of laurel, and the mountain siopei^ 
are covered with fine timber, spruee predominating, though nuaf^ 
other varieties oeeur. 

Throughout, the Imsin the slopes are without exception steep, 
ing as high as 50 degrcH?s in some cases, and seem to be covered wHfcl 
a dei»i) m\\, Tlie country rock over the lower part is a limestone, thil 
of the upper part gniuss and (quartz n»ck. The soil of the imniediato 
valley is fertile and well adapte<l to agri(?ulture, the principal cropB 
l)eing grass, corn, and wheat, with some buckwheat and sonjhum 
caiK^ Many varieties of vi^ry fine ai)ples are also gn)WTi. 

The arcNi being so largely forested the flow of the stre^im is hwige, 
the water neviM- falling very low nor rising U) great heights, and ] 
though the sloiM's art^ steep the high water hists several days. The 
cre(»k ris(»s alM)ut 5 foi^i at the mouth. 

Th(» famous iron mills at ( -ranlKirry are hn^atcd within the basin of 
this strcjiin. 

BEECH (KEEK. 

The n(»xt stream trihutiiry to tlie Watauga is Beech Creek, vhich 
rises on tin* iiortlu^rn slopes of Heecli Mountain, at an elevation of 
almut .5, ()()() f(M't, and flows in a general northwesterly direct ion, joining 
the riv<'r about 4 miles a])ovo tlu» State line. It drains a considerable 
an»a of steep, high, and densely forested mountain slopes, a very 
small jiroportion of the land Inking cleared. The cleared areas are 
confined e\-clusiv<»ly to a small tract in the basin of Fogey Creek, 
Avhich joins Beech C'ret»k a short distance above its mouth, and to some 
of the narrow bottoms and small hills ahmg the main stream for 2 or 
3 miles above its mouth. The total area cleared amounts to possibly 
5 per cent of the whole basin. Near the mouth of the sti'cam tbe 
count i-y rock s<MMns to l)e a veiy good (juality of granite, but as the 
creek is asceiide<l tliis soon gives place to gneiss. The stream never 
falls very low, and during high wat(M- it ris<»s about 4 feet at the 
mouth, that Ixuiig the eh'vation of the highest mark tlmt wa*j found. 

HEAVEKDAM CKEEK. 

Beaverdani Creek, the next tributary entering from the north, rises 
near Baker (Tai) an<l Locust (^ap, and flowing in a general southeast- 
erly dinM'tion joins the Watauga just to the west of the small moun- 
knowh as Dyer Knob. For a mile or more above its mouth this 
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rHiHiii^ is tho princMfml induHtry throaf^hout this country', as 
fartluT to tlio north. 'Iliniu^liout this valloy, with theexwptic 
the inouiituiii slojiCH to the oast and west, tho hillside slopes arera 
jjontlo — ran»ly n»aohinf^ 30 de^^rws, the averaj?e being not morel 
1*0 dogroos — and tlio l)otloni lands are broad, with a deep and fe 
soil. While the soil of the hillsides is less fertile, it produces 
go(Ml (*roi>s of wheat and oorn. From an agricultural stAodiMinl 
basin of this stn^ani seems to l>e nion' valuable than any part of 
watershetl of the Watauga yet deserilHMl. 

At, times the er(»ek reaches a very low stage of flow, but never lo 
it is s^iid, than that attaine<l during the summer and autumn of] 
Tlie average maximum rise at the mouth is al>out 5 feet; f> fe 
sometimes n»aehe<l, and therf» is one report- of a rise of 8 feet«ei 
years ago, probably when a d(»struetive flood affect<Hl the entire I 
of thc» river. 

DUTCH CREEK. 

A])ov<' ('ov<» Creek the fli*st tributary is Dutch Creek, which ei 
the riv<»r at Valle Cruees. This creek rises on the southern slop 
Hanging Hock and flows in a general northerly dirc^ction, drai 
an area which is v(»ry largely forest covered, containing not more 
20 per rout of cleare<l land, which is for the most part confined t 
comparatively level land inim<Mliate1y aUmg the creek. Them 
tain slopes arc high, st<M'p, and (^uite ruggiMl, an<l are <»over(Ml 
tlir original dense fon'st growth. Like the otln*r strciims nj 
r(^gi(>n, Hh' crrek reached its lowivst stag<* during tin' summer of 
Its niaxiinuin rise at the mouth is from *J to 4 feet. 

I.ArUKL CKKKK. 

Laurel Cr<'<'k is a small tributary entering the Watauga froii 
northeast, about 2 miles north of Shulls Mill. It drains a very 
area, but carries a large (luantity of water in comparison wit 
area drained, the basin luMng almost entirely forest covered, 
cleared land is confined to a few small areas close to the river, 
forming less than one-<'ighth of the basin. The hillside sIo^m 
rugged, steep, and very rocky, and for the most part are covere* 
a dense foi'^'st growth. The stream rea(*h<Hl its minimum flowd 
the summer of IIMH). It rises .'J f(»et in its maximum flo(Kls. 

HOONK FORK. 

Immediat(dy al)ove Shulls .Mill tiu^ Watauga is dividtnl int 
forks, the out* to the east being known as the Boone Fork and tl: 
U) the west as Watauga Kiver. The J)oone Fork rises on the ej 
slope of Grandfather Mountain and after flowing almost due ea 
3 or 4 miles turns to the north and flows in that direction foral 
miles, or to its juncrtion with the main fork of the Watauga. ' 
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HYDROGRAPHY OF THE SOriHERX APPAl-AiHiAN 

MOUNTAIN REJ;iUN. 



PAKT II. 



I>V IlEXRY A. PKESSEY. 



DRAIXAOK BASINS— ( "..ntiuur,!.' 
NOLICHUCKY RIVER. 

PHYSKAL FEATIRES. 

lidil river is formed by the juiietioii of To«* Ri vn- aiul C'aiioy Kivor 
bcM 8 or 9 miles east of the TeiinesstM* Statr liiir. To«' Kivor is 
)flMd by ^® union of the North Tik' and tlu* South 'l\)o iK'twooii 
BTCBBile Ridge and the Burn Mountains. Tht* aiH>a <li'anuMl }\y tlio 
lOUfihoekyin North Carolina is in the hi^h mountains within the 
ndtsof Yancey and Mitchell counties. 

Ywieey County is preeminently mountainous, tlu* Black Mountains 
eiMlfeniting it from the southeast and extiMi(lin<r to its ccnlor, or to 
Bnmsville. The great Unaka Ranj^c separates tln^ county fi*om 
>, and numei*ous cross chains intersect its surface in all 
irectionSy leaving very little valley land except alon^;: the banks of 
iiestreams. As elsewhere in the ivgion, the mountains here arc f<'r- 
ile to the top, being covered with a deep and friable soil which bears 
rees of great size, and where cultivated ])rodu(*cs all of llic ^rrains 
nd grasses, as well as very excellent fruits, tht* api)lcs bcin^r t»siM»cially 
ne. Cattle raising is an important industry. 

Mitchell County lies l)etw^ecn the HIuc Rid^^ on the sontii and east 
nd the Unakas on the north, and like Yanc(»y C-ounty is v<M-y moun- 
&inou8y there being little valley hmd except alon^ the hea<lwat(M's of 
'oe River. The cultivated lan<ls an^ vcM-y fertih*. All of the cereals 
row well, grasses flourish, and fruits of very line <[uaility are produced 
1 abundance. 

The tributaries, like the main stream, rise near the summits of the 
lountain chains and flow over rocky and precipitioiis IhmIs through 
arrow valleys. One of these rocky stream beds is shown in IM. 
[XVI, a view of Cane Ci*eck, one of the larK<^ tribiitari«^s of the 
'olichuckv. 
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The rivfT fn*si flows almost north for several mileK, then tnni| 
towanl the iif»rth west and flows in a deep gorge through the Unab 
Mountains (sim» IM. XXVII) and into Tennessee, where pivsen'ing Hi] 
;rt*iuM*al wi*st(*rly diivi-tion it finally enters French Broad River aM: 
7A mill's southeast of Morristown, draining a total area of 64(J sqnan- 
iiiilrs alNivi* th<* T<*nn<*ss(»<' line, romprising almost all of MitfUl 
i'ouiiiy aii«I all of Vanirey County. It leaves the moantainsMff 
Kiiil)r<*vill«-. Tonii., which was the western limit of the investi^tiflii 
aithiiii^h some olisiTvations were made of the character of ths 
coiiiitry lyiii;: to the west, sufHeient to establish the fact thatik 
ditTeriMl in mi important res|ieets from the area already descriM tf 
till" Vallev of Kast TennessiM*. 

Non<> of ihr small closed drainage basins or sinks which are^ 
numrrons in the valley of the llolston were seen in the basin of th^ 
Nolicluirky. I>ui then* stKMiis to be a greater immber of large spring^ 

RAINFALL. 

TIh- rainfall <iver the Imsin is alK)ut 51.3 inches per annum, 11.4^ 
inehes of whleli falls in the spring, 15.7 inches in the summer, 11.6 
inc'hes in the antnmn, and 13.5 inches in the winter. The whole htca 
is snh.je<'t to smlden and violent rains, producing great floods, while 
in ih(^ winter the iee m(»vin^ downstream sometimes forms ice dan» 
wlii<'h do a LTieai d(*al of damage. The streams are therefore of mach 
lesN \alin' as soiirri^s of power than they otherwise would b«\ Tlie 
e(V«'rt nf IIihmIs oil ihe Noll<'hu<*kv is sliowu in IM. XXVIII. 

ft 

KORKSTS. 

A very laiL^r part of i he hasin is still eovere<l with the original forest. 
Ft is fsiiinateil tliat of the ('ito stpiare miles in North Cai'olina 78 jier 
cent is fori'sird, owitiir, doubt h'ss, to the inaccessibility of the eountn*. 
It is 1 hoiiirhi. liowever, that defon^station will begin in the near future, 
sinee in ihe summer of Iimmi i]i«. Ohio River and Charleston Railroad 
was enmpleied as far as tlh' mouth of Caney River, and it is probable 
that the area drained by that stream will be lumbered at once, as 
already small spasmodic elT«»ris in that direction have been made. 
Small sawmills run by water pow^T liave l)een built on a number of 
the smaller tributari(\s, ami in a ft*w instances splash dams have l)eiMi 
<*onsirueted for I In* purjHise of driving; the logs over the rocky ledgn^s 
of t Ih' mountain si reams. IM. \ \IX, .1, shows a splash dam on Little 
River, Tennessee, which raises the water '»5 ft»et. PI. XXIX, 7^, .shows 
a characteristic combiiMMJ sawmill and jjristinill of Yancey County, 
with its inimens<* overshot wIm'cI. 

MINKKALS. 

I'hc area is very rich in minerals, Mitchell and Yancey counties, jis 
aln»ady stated, furnishin^r a lar<re part of th<» world's supply of mica. 
Mniiy vnv'wi'ios of pMiis also oeeuv, s\\e\\ \vs v>\\\^yvCvC^., vv*o^tv\\vv\x'v\wi^ 
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hyst, and toarmaline. :kfeDM> fomndTiBi hai^ V*-r -f-'-zz^l. ki*z 
^ are lar^ depositj;^ of iron ore. nocablr in ibe ^izial'. s';:^Ar.. -* ^'^^-j 
impass Cove, where the iron i« min^ :•• ^^-pj-.j ii^ r'-'T-^^-^ hZ 
reville, which ha& a capaeitT of 15i» K^ns tff ;»ir :r^.<: * i*;. 
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DISCHARGE 

iring the investigation a tempofary saisrinj: «ia7> ■& wa^ «r«r:A'r«. .«>! 
he Noliehacky near Chncky Valley. Tenn.. wbrr*- p 
ings were maintained and measnr»-ni*^nt> w^rv- rr^^:- ^* *':. vz. in 
'ollo^ing table. The river was also gag^' u*^t Erw-.n. T-r.:. . ai^«: 
lerous misoellaneons measurements wer»r mj^ie ••n :*.* Tr.**-:*.-.*-?, 

iiown by the table on pages hp> and I -v. 

Diaehargt wktamiTrmtemis of ydiekMrirf Jirr^ir. 
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ri:.— At reinil*r statiwis of the Geoloficml Scrrey ^m£^4 are ii.*-.All*-i "• 7 »i. r :l- r.-^ f 
rer ia meaimred. an increaae in the ga^ beurbt rcpr c a ca ::!.^ &=. :^ -r- ^^^ ::. :i? ::-.:.Ari^7 
3 stream. This is tme of the mcaaurniiinta ni ihe at^.T^ tk-l-r «-•.. i. v--r^ ila:- r.-^r 
ky Valley. In making the meararcmestt tufmr Enrin. LiwrTA-. I*:- i ri^rc? Trrr- T^t*- 
I and measnrementa were made^ by means of a ste«I ta^. c* ii.« ii-:az. >r f r •!:. :h*- Vr-:. 1. 
totbe snrfaoe of the water. In the latter canea. tberef''«ne-. ar: irKTrv^*** ::: ti.* >:»<^ L-:*::.: 
s a lowering of the water sorface and a corresponding -iei rr^k*^ :r. :L«: ^ly" Lii.*.:'- ' '.L*- 
m. 

WATER PCIWERS. 

fie fall of the river is verv mnch less than wouM naturallv Ih* 
.^cted in a stream draining so high and inunnTainou> an area, the 
I fall l)etween the junction of the North and South Toe and 
)reville being only about S50 feet in a distaiire, following the 
■86 of the river, of about 4<J miles, an averag*- of alM)Ui 21 fet-t t4> 
mile. Throughout this part of its <M»urse tin* riviM* flows through 
rge with steep and rocky sides, and although then* an* nunuM-ous 
es where dams could be construct e<l, and although the fall i>er 
sis large, the opportunities for developing the i>ower an» meager, 
building room is lacking and the construction of raceways would 
ostl}-. Good railroad facilities exist h(»n», since an extensi4)n of 
Ohio River and Charleston Railmad passes along the river bank, 
bout 1^ miles below the mouth of Caney River, where the stivani 
t)out 200 feet wide, thoi-e is a fall of 25 feet, or a little more, in a 
ance of a half mile, but as elsewhere throughout this |M>rtion of 
iourse, there is no building i-<K)m close t.o the river, though hIUw 
Id 1n3 found near the su nun its of the hills. 
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TRIBUTARIES OP NOLICHUCKT 1 
DI8CHABOK 1 



The ilminage baAins of the principal tribntaries uf Ibe IfoBehtKlrl 
down to Embreville, Tenn., were visited and &b tolltrmiagmm 
mentB were made, iu order apstreatn: 

Dttcharge neiuuTtmenU of trOMttarim uf ttoHelttuAg Rinr. 



Itato. 


Hlrwm. 


LMdV. 




fSsiA' 


"I- 


RorkCMk 

North iDdlan 


DnJcoi.T«nia 




LB 

lAU 
*■ 




S^s 


E^EEE 


do 

:::::S::;;::;::::::::::::::::::~: 


B.W.Hr>n- 




iri. 


do. 

Martin Crook .. 
itouth.indUn' 




m* 


do 




Brtl™Poi)l»r 


'US^gSe'"^'-* 


tt 

II 
1 
















AUB.ST NortlifoeBlvor 


N«r^«pru™,l™,N.C.. 


do 


i;^^,:;:::|:::::;:::::: 


■g*asr;i 






Adr.SI "Sif,-<m 'RowVt' 




■-«:;;;■■"- 


t 






AUK.M BlB Rock Cruuk 

Oct »l do 

gj5t.^jJ,J«kC'™,k 


Atni?mth,Noitii'l3kVQllM"-:.""'.; 


■■•ft — 


Oct. U 

Oct. H 

ISOD. 
An(t.Ki 


PlgmVcWk.. 




-„^:;:;::_ 


CuoOeuk 






....J, _ 


^^HTI 




B.li8tt.vm.-.N.C- — 


"'Si'""— 


I^Cf 


Bni-h Vre-k 


Ltiwi-T fonl of BurnuTllle. 
Kprui-epla.' ro«il. N>,rth Curo- 


L V.Brmw* — .. 




Awt.» 




r™Ml,NartUC»roliii'» '' 


ao 




Bmri'nwk 






oS?'x 






ftfS 


HriwsyCJreek..., 




do -. 




iff-n 






■3; ~ 


s ;s 


»1t 


TlinwrnltoUTHik 


Nht old inet-ufflvflBt Elslo.K.C. 


;:::sc;;e:;3 


H5 iS 




STMILL ON PRICE. CRe.E.«.. -f^Nttl tO\JWTt.>V,'i. 



J 



Hi 



TB1BUTABIE8 Or NOLIOHnCKT BIVEB. 
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Bcharge measurements of tributaries of Nolichueky River — Continned. 



Stream. 



Creek.. 
Plomtree Creek. 
Roaring Creek . 
Squirrel Creek.. 



Horse Creek 

do 

Whiteoak Creek. 
Kentacky Fork 

of North Toe 

River. 
Soath Toe River. 



do 
do 



do 

do 

do 

Cane Branch 



do 

Little Crabtree 
Creek. 

...do 

Brown Creek... 

do 

Whiteoak Creek 

do 

Locnst Creek... 

.....do 

Colbert Creek . . 

do 

Middle Creek... 

...do 

Rock Creek 

do 

Throe Fork 

Creek- 
Caney River. .. 

do 



Looality. 



At month. North Carolina 

Plnmtree^N.G :... 

At month. North Carolina 

One-fonrth mile above month. 
North Carolina. 

At month. North Carolina 

do..... 

do 

do 



One mile above month of Three 
Fork Creek, North Carolina. 

do 

Ford of Biicaville - Sprucepine 
road. North Carolina. 

-.-do 

...do 

...do 

Ford of Micavllle-Marion road. 
North Carolina. 

...do 

Jnst above lower ford of Mica- 
ville-Spmcepine road, North 
Carolina. 

...-do 

Ford of MioaviUe-Marion road. 
North Carolina. 

...-do 

At month. North Carolina 

do 

.-..do 

....do 

Ford of MicaviUe-Marion road. 
North Carolina, 
do 
do 
do 
do 
do 
One-fonrth mile above 

North Carolina. 
Near Big Tom Wilson*8, North 
Carolina, 
do 

do I Hnntdale,N.C 

do ' do 

do ' do 



Hydrographer. 



L. V. Branch 

do 

do 

do 



E. Oravee . . . 
L. V. Branch 
do 



do 



do 



H 



.do 

A.Preaeey 



L. V. Branch . 
....do 



do 
do 



do 



Big CyYeek ' At mouth. North Carolina do 



do 
Little Bald 

Mountain 

Creek. 

do 

Bald Mountain 

Creek. 

do 

Elk Hhoal Creek 

Bald Creek 

do 

Price Creek 

do 

Bow lems Creek. 

do 

Cattail Branch . 

do 

Elk Fork Creek 

do 



.do 
do 



do 

One mile above mouth, North 

Carolina. 

do 

At mouth. North Carolina 

Near Bums ville, N. C 

do 

do 

do 

do 

do 

do 

do 

Near Big Tom WUhoq's, 

Carolina. 
do 



do 
do 



.do 
do 



....do. 

....do. 

-..-do. 

-...do. 

do. 

I do 

' do 

I do. 

1 do. 

...- do 

North I do 

'■ do 



Gage DIs- 
height.|charge. 



FeeU 
6.94 
2.90 
7.80 
8.12 

5.65 
5.15 
2.211 
2.85 



4.34 
3.30 



8. (IK 
7. OH 
7.23 
3.02 

3.78 
4.28 



4.23 
3.(6 

2.85 

i.m 

4.28 
1.98 
1.87 
3.87 

3.5() 
3.94 
3.64 
1.9() 
1.82 
1.49 

l..« 

i.:m 

3.60 
3.82 
3.83 
2.83 
2.89 
4.91 



4.90 
3.43 

3.55 

4.56 
4. 50 
2.48 
2.53 

5.o:i 

4.97 
2.78 
2.(H 
1.24 

1.28 



Sec.-/t 
4.8 
8.0t 
15.67 
11.8 

0.« 
40.68 
8.36 
0.7 



26.0 

101.0 
230.8 

70.8 
86.23 
282.0 
2.08 

8.50 
17.54 



21.67 
4.04 

0.43 
4.40 
19.86 
3.83 
7.96 
2.51 



I: 



24 

78 

9.20 

6.92 

28.68 

9.49 

17.11 

13.9 

89.9 

62.77 

58.3 

5.67 

2.0 
o !•> 



2.61 
19.7 

10.6 
1.29 

16.25 
9.97 
9.46 
8.35 
3.45 
4.02 
2.77 
4.69 
4.78 

1.49 



-In making the measurements recorded in the al>ovo tublo bench marks wore estab- 
d measurements were made, by means of a 8t«el tape, of the distance from the 
irk to the surface of the water. An increase in the gage height, therefore, means a low- 
the water surface and a corresponding decrease in the discharge of the stream, the 
f the results at the regular stations of the Survey, where gages are installed and where 
ae in the gage height represents an increase in the discharge of the stream. 
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anw, VT. u. 



Desoripttons of the dminage bMins and water powen of tl 
of these tributary straams an gtven cm the foDowbig pogea, 
npatraam. 

NOBTH DtDIAK ( 



Around Erwin, Tenn., and ap North IndlsD CreiA flwre 
pictaresqae farming ooantry. The ereek drafaia a laige i 
apper part of which is moantalmnu, with slBep slopes, while 
NoHchDckf it broadens ont into a fertile vaU^r- The low-n 
charge was measared and found to be S8 seocoid-feet. Ontl 
at Unicoi, Tenn. , the Unaka Hilling and Lumber Compaatj hi 
wood- working plant and gristmill. Their power (abont 40 hm 
is developed by 20-ineh and 24-inoh turblnea woiting under i 
16 feet. Just above Unicoi an old ore washer formerly ntilfa 
of 30 feet, bnt it is now out of nae. On Dlok Creek, a tril 
North Indian Creek, there are fonr falls averaging 90 to 40 f 
In the limestone cove on Korth Indian Creek there are four g 
nsiog the water power. This oove is a widening of the valh 
creek, and in it are a number of good farms under onltivation 
limestone is found over this entire section of oonntry. T 
. above Erwin, on the NoUohuoky, J. T. Wilder has a sawmlllai 
working plant. The dam across the stream is 17 feet high u 
the water in the river three-foarths of a mile. Aboat 80 hcM 
is developed by one turbine. 

SOUTH INDIAN CSBBK. . 

Entering the river from the south, about 2 miles above 1 
South Indian Cre«k, a stream in many respects similar t 
Indian Creek, though the proportion of cleared land in its 
somewhat less. 

The creek risett on tlip imrthern slope of the Unaka Ho 
draining an area the upper part of which is made up of hig 
and rugged mountain slopes, which as a rule are very densely: 
As the stream is descf^nded, however, the mountains recedt 
and leave broiwl and fertile Ijottonis, which are entirely clei 
under cultivation, gi'aas, corn, and wheat l>eing the principi 
The cleared areas form a very small part of the whole basin, 1 
proliably less than 11) i>er cent. 

A groat deal uC timber ia being out in this area, particnli 
the heads of the smaller trihularies near its mouth, and there 
eral small sawmills located on the creek which cut part of this 
the remainder being worked ujion the spot by the small port« 
mills which are moved from place to place >in the timber is ci 

At the time tho Ntream was visited in September, 1900, its d 
Was very low — aliout 33 second-feet. It is said to have reachei 
' stage during the summer and fall of that vcar than ever befo 
^ood rise at the mouth is between 1 anA % iee\.. 



i'lmn-^^r-gs . ip i:, 



51 



ittH- j!«v.*r i luli-^. ▼nitr* -j»-«^ i»^ ^ -i^* -^xi.i* ■>»•^I>^ iv 
ad*" Kill* AT* "jTi?^ AOiL h^^'it^*^^'." -■ "-r-: "v- i - n '•- • >.!•. i.i« •■■•- 

knni the ^'i**- :(f 'it* iii;aa-'ikJi- Tit*-^ > !• '— jt'^-'. .h^*" -\. •:•'.• 7»-»iT 



iW first to ib^ iiyr±irr«. -brfu :. :lr- -^rrs-. a- '. '.:-,'. :"• .,-:>.- 
wot, Pweivin^ i^i-rr>-2* ':r:t-3*..kr.-:>- :i- .'i..r: :' -»?...:. > :'r.t S.-.i:h 
Toe, which uni^** -sri i" .-^ "ir-r li"* ■:«r:'»r*:u M'.:./r.-:'." >* * \.sv..x^\ 

North Tfie and ii^ trLh^i^.r^^ "h- N :•'.:■;:: z-.-ky v-r. lyr twv.n.*.^ '.V.o 
drainage from rh<r ^-rrne-nir ■^•^•^•-rT. >^r: : :hv .^.•■.:v.:y, .^ >v,:a.'. :v*r', ^^f 
the northeaE^tem -^cik^n •iraininj ::::■ Kli v*r>vk. a :r*.^:::*ir\ .>: :V.o 
Watauga, and another small r-tr^i.i:: ..»: The rA>:vr!: Mvv.v^r. N**.r.s: 
drained by Linville River. 

The refdon of the headwat^i-r* •>: :hr N«.'»r:h T^v -.s \o-> rv^iis;h, 
'Hth steep mountain «lope> and narn^w valloys s^v^rs^^lx ^v^pul;n<\?. 
Along Whiteoak Creek and for a 'iisTamv on iho main smvun and 
the Kentackv Fork alH>ve ihoir iunciion tho vallov is wido and ilai, 
l)Qt is heavily timbered. Part • if It is in a raiht^r swanipx rondiuoix 
•nd is covered with heavv lanrel thiokots. Holow tho mouth of 
Whiteoak Creek the mountains close in and form a nan>*\\ and sloop 
8oige as far down as Horse Cri*fk, Thoiv iho vallov widons oui a 
Httle, and from there do\ni then.' is some lH»nom land \uidor »'nlti\a 
tion on each side of the river. 

The tributaries of the rivor in this sootion and as far lUwsw as 
Sprucepine flow directly from the mountains in narrow iror^^os. riu\v 
^^ for the most part short streams with iri-oat fall but witli litlU* 
^ater. The only cleared land alonjr thorn is witiiin a lialf milt* of 
fteir mouths or on top of the mountains fnuu whioh tlioy lh»\\, Iho 
niountain sides being t<H) steep for suorossful oultivation. 'rimuu'h 
out the region from the head of iho rivor and its tril)ut.arioH tinwn lo 
^Pnicepine and to the mountain summits on oitluT sido pr<»liid)ly not 
^ore than one-sixth of tla^ hind is oh^anMl. The rloHn»d jiroiiN aro 
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nearly all plant «*d in wheat an«I corn, although a snuiU x>ort-ion isn 
jjrass, for ;;ra/.inK l)uriM)si»s. A few miles alM)ve Sprueepine theme 
tiiins reeiMle from tin* river, leaving? a very wide valley, which ext< 
down to tlie Cane ('n*ek Valley on the north side of the river and 
Caney River on tlie siMith side. This valley is rather hilly throi 
out most (»f its an*a, and the land is cleared on the north 
iM'tween Sprueepine and Uakersville. On the south side most of 
(*leare<I land is around Hurnsville, although there are a number 
farms m*ar Sprueepine ami alon^ <Trassy ('n*ek. 

One mile a)>ov«' the mouth of IM^eon K(M)st Civek and just abofV' 
tli<» for<l ther«» is a vi»ry j;o(h1 site for the construction of a dam. A 
water power of considerable magnitude could 1m? developed hePBt 
Lyin^ to the south of the main channel of the river is an island whiA 
rises about. 15 feet alM)ve the water level and is never overflowed, nflfc 
even during tin' lii;rl»est floiMls. There is a heavy fall in the river. and 
by the <*oustruetion n( a dam fnim the en<l of the island to the north 
bank <»f tlie stn^-im all of tlie water could Ix* turned into the narrow 
channel iM'hind the island and a fall of 15 f(H.'t or more l>e obtained. 

Abov<' this ])oint there an* many shoals, the river having: a largA 
fall throu^rhout that i)art of its course, flowing in a deep gorge, with 
sides rising at angles of 'M) to 40 degrees. Then^ are several small 
mills on tlu' ui)[»er part of the river, but the lai^er portionof the power 
developed in tin* basin is derived from the tributaries, tlie nee<lsof 
tin* niilU i(Mjiiiriiig 11h* development of only a few liorse[>ower at aii.V 
plarc. Powei'sof considciabb' magnit ud(^, liowev«.»r, ean lHMlevelr)[)ed 
on these sii-<\"iins, for notwithstanding the jimount of water 4*ar- 
rit'd by each onr is small tlie t'all obtainable in a short distaiK-e is 
large, and alisoliitely sale loeatifjns for buildings can be obtained, 
which is not ahvMVs the casf* on the main riv(»r. 

■ 

The first mill of any size on the North Toe is just above the mtJUlh 
of IJeai- Creek. It is a giistmill, mi<'a-grinding mill, and wo<Kl-carving 
<»stal)lishnient. The owners liav(» develo[)ed a (i-foot fall and claim to 
have aljoiit T.'* hoi'st'power. At Elsi<', farther ui)stream, there is a 
eonibined floui' mill, sawmill, and gristmill with a small dam gi^in? 
a l()-fooi fall. 

.lust below tlu' month of Phimti-ec Cn'^k Vance Hroth<M*s have a 
eonibinrd niica mill and sawmill, using a large part of the low-water 
tlow in the liver with a ')«'>-incli Samson turbine under an 1 l-foot heu<l. 
Mica is abun(hint throughout this distiiet, and is mined extensively 
fnnn rinmtrer Cieek down the river as far as IJig Ho(ik Civek on the 
north and ('an<\v Kiver on the south. In this district there are also 
several watt'r powers develop^'d for grinding mica. 

The swift-flowing tributary strrjims of the North Toe, with their 
numerous vertical falls, furnish abundant power forsmall mills, anda 
number of the power sites have been developed, though in a small 
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On Pigeon Roost Greek, which enters Toe River 2 miles above the 
loath of Caney River and has a low- water flow of al>out l-^ second- 
set, there are two large mills, the first a small sawmill and griHtmill 
bout 100 yards above its month, utilizing a fall of 16 feet ; the scKsond 
me a sawmill and gristmill 3 miles upstream, using an overshot wheel. 

There are only two rolling mills in Mitchell County — one on Hig 
took Creek, belonging to Henry Master and having a capacity of 30 
arrels per day; the other on Cane Creek, just below Bakersviile, 
nd having about the same capacity. At Magnetic, on Big Rock 
ireek, there is a large mica mill, and at the mouth of Beams Creek 

1 located Garland's mica mill, using a 15^inch LefTel wheel. On 
lane Creek there is a sawmill just above it^s mouth, and at Wing, on 
now Creek, J. C. Phillips has a sawmill and gristmill using two 
vershot wheels of 14 and 15 feet diameter, respectively. Above this 
lill there are two small gristmills on Snow Creek. 

On Crabtree Creek, 4 miles above the mouth, there is a fall of KK) 
Bet, 40 feet of which is in a clear vertical leap. Six mica mills, run 
y one turbine under 116 feet head, are located at this place. On 
(ear Creek there are two small com mills with a fall of 20 fc^^t and 

2 feet, respectively. On Beaver Creek there is a combined sawmill 
Ad corn and wheat mill run by an overshot wheel and a LefTel tnr- 
ttne with an 18-foot fall. Farther up the stream there is a small 
om mill run by a 16-foot overshot wheel. 

On Ilensons Creek (marked Powdermill Creek on atlas sheet — an 
ibvious error, for Powdermill Creek is the unname<l tributary just 
ibove it) there are three mills. The lower one is a small gristmill 
run by a tub wheel. Above this is Houston's sjiwuiill, gristmill, and 
planing mill, run by a Leffel wheel under a 35-foot )ioa<l. The upix^r 
mill. Green's sawmill, has an overshot wheel and 23 feet fall. On 
Plumtree Creek there is a mill, run by using t)i(» 12-f()ot fall on a tur- 
bine wheel, making pins for telegrapli wires. One mile al)<)v<*, on the 
same creek, there is a mica mill using !)1 feet fall on a turbine. Still 
higher up on Plumtree Creek there are four small corn mills. Pow- 
dennill Creek, Hensons Creek, Roaring Creek, and Sciuirrel Cn^ek, 
running down the sides of the mountain, have almost unlimited falls 
but little water. The discharge of these streams at their lowt»st 
8tag^ is as follows: Hensons Creek, 4.8 second-fecH.; Powdermill 
Creek, barely 1 second-foot; Roaring Creek, 10 second-feet; and 
Squirrel Creek, 11 second-feet. 

By far the largest tributary of the North Toe is Big Roek Creek, 
which with its tributaiy Little Rock ('reek rises on tlie southern 
«lope of the Iron Mountains, which form the dividing line between 
Tennessee and North Carolina. They receive a large part of the 
drainage from those high and rugged mountains, the culminating peak 
3f which is Roan High Knob, with an elevation of 6,813 feet. Cloud- 
and, a noted summer resort on this peak, affords one of the finest 

IBB 63—02 2 
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vi«*\vs iihtaiiiahic from any of \\w Hiiniinits of the Appalarhian Moan- 
tains. IIiM'«* is a ^vory f'onifortahli* suninHT }M)t«*l, pun* water, 
fliinatfs aii'l all tliat ii^iH's to inakt* a pleasant an«l h«*althfnl sumnMff 
r«*sort. A naiTow-'ra^i' railnmd pass<*s tliron;rli Hoan Mountain SUh 
tion, II* miles from Koan ni<;li Knob, rmni wliicli iM>int a ^(wxl 
has l)(M*n huilt np tlu* nioiintaiii si<l(*. Wlirn on Kuan Mouutain fliei| 
IShu'k .Mniintains, Hawks l»ilK Talilt* H(M*k (on Linville Hiver), ud 
\\w mountains of Vir;;inia and T(Miness«'(* an* in full view. Oneeii 
hut wonder wliv more is not known of t)u*se mountains and whvtiie 
visit en's are so tVw. It is, liowever, jM-obably a matter <)f oulyafet 
years before tliis region will l)e one of the |^i*oal inoiinUiin resort* dl 
tlie count rv. 

SOl'TIf TOK RIVER. 



This river rises in the southern i)art of Van<*ey County, X. C, 
flows direetly north into the Nortli Toi*. It i-eeeives its draina^fron 
tile eastern slo[MM)f the IMaek Mountains and the western slope a( 
Sevenmile Hid^^e. It fcdlows close to the bas«.» of the hitter ridgB, 
wliieh rises abru[>tly from the water's ed;:e. On the west side of tbe 
stream the ste(>per slo])es of the Ulaek Mountains ai*e a>K)iit 'J miles 
from tin' river, leavinjx a narrow valley lietween. Tliere ans how- 
ev<M', no farms on either si<h* of tin* sti'eani, and even in the narrow 
vallevon the west side onlv a few tracts (hardiv one-fift)i of the area) 
have l»er!i I'lraiM'd for <Mili 1 vat ion. ('i>nsiderinj^ the tlraina^e Ijasio 
froiii tiie rivn- loihe nioniilain summits <m both sides, probably not 1 
prieriii nlih^'land ha> l)eeii eh\'ired, Al)out - miles above the niouth 
<»r t he !i\ r!' t he imniMlaiiis nil bnt li sides recede, leaving; the land irm 
lliat jMiiiii lothe Noll h Toe level compared wit li th«» rest of the n?jXiun, 
alihunuh ii i> >till a verv hillv count rv. 

IJnlr (rabtrec (rrek, wiih a minimum dischar;re of Is se<*on(l-feet, 
i.s the laiirest ti'llniiaiy of the South Tot'. It rises n<*ar BurnsvilK 
in the fontiiills n( 1 he mountains, and Jcnns the river a short distance 
nortlHa.vt ol Micaville, The liver has sevc»n other small tributarily 
ran.i::inLr in si/e fiom l*.') to :«, "i second-feet at tlieir h)west niid-sumnior 
flow. 

Their is not a mill on the South Toe, and onlv one or two small 
e<)rn niili-^ on its t ribntai'ie.s. The steep wattM'shed and the slioil 
tributaries eaiiy the rainfall (juickly to the nuiin stream, cansinj; 
lapid thn-i uat i<ms and liiuh floods, makiuLC mill improvements difliou It 
and exiMMisivi'. This probal)ly accmints for tlu' few pow(»r devi'lop- 
ments in the waterslMMJ. 
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This river also I'ises in thesoutheiii i)art of Yaneev Countv and 
flows northwaid unitinir with Toe Kive?- to form the Nolichuekv. It- 
receives its drainaii'<' from the we.siern slo[)es of the Black Mountains 
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eoantles, s dlituioe of abont 30 miles, then uorthwurd m-ms Bdk 
oombe Coonty, a diateww of moi-e thaa 20 miles, then uftrlhweflUrt 
aeroM Madlaon Coanty, m dktance of 20 roilpji, through tho Gm 
Smoky Honntains and into easteni IVmneaeeo, whoro it is Jiiinod I; 
the NoUohnoky and Hie Holaton, aud finally enters TeaneHHt>e KivH 
Its waters eventoally leaoUag the Missiasippi and the Gulf of Mexico 
For convenienoe the diaiiiage bastn has been divided into two patti 
(1) The area dmlnedbythe river In North CaioUna, and (i') iheue 
diHined by it tn Tennessee. 

WATCMaao ur roksb oaboum- . 

The portion of the drainage basin of French Broad River 
Carolina is oomprised vithln th(> limits of Trniis.vlvanift, 
Buncombe, and Hadison oonntnes. Tho small atretiiiis from 
tains in the npper part of ^e wat^i'shed soou rcaoli the wide 
and nnlte Into a broad and dagrgi^h river, with practically nn «hi 
or falls. Little clearing has been done on the upper watershtyl, bat 
extension of the Transylvania Bailroad has just been completed^ 
as Jeptha, for the purpose of transporting lumber. The 
this extension is called Tozaway. The lat^r part of the lanifli 
the headwaters of the main- stream as far aa the North Fork IS' 
by the Toxaway Company, and they expect very soon to 
extensive lumbering operations. 

Through all of this region springs are namerone, and the 
pure and cold. Above Jeptha tliere is very little pasture land, 
the region appears to be well adapted to grazing. The moi 
around the head of the North Fork are high, many of them 
an elevation of 6,000 feet. They are traversed by trails only, the 
ests being still in a wild condition and the region but sparsely ;<,, 
lated. The watershed of the North Fork as a whole is not ^^ 
wooded, bnt no timber cuttinj^^ ha.i heeu going on tor a long tl 
Most of the land east of this stream, including the lai^ area of Pi^ 
Kidge, is owned by Mr. George W. Vaiiderbilt and is under the can' 
an expert forester. Above Jepllia the mountains close in to the bul 
of the stream, and consequently the branches are short and the rfcp 
steep. Between the mouth of Tucker and Shoal creeks, on the Hoi 
Fork, are some excellent ahoals, but no suitable locations for kl| 
buildingH, although there are shi-lvi^'s of rock on each bank throD^wlt 
the entire distance. The fall 1iit(! i.s alKiut 30 feet in 200, coi 
of three drops about 100 yards apart, with rapids intervening. 1*' 
water power has not yet been utilized. 

The drainage area of the river above Asheville is 987 square mik*! 
the total drainage area in North Cai-olina 1,745 square miles. ^ 
this total area at the time the 'JVnth Census was taken l,091,000i 
were under cultivation and f*.li7!t,000 acres, or 78 per cent of <•* 
whole, were still forest covered. In 1H!)0, according to informalt^s 
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nered for the Eleventh Census, about 30 per cent of the an^a was 
ivated land, and as the rate of clearing has been accelerate<l dur- 
the last decade, on account of the large development of the luiii- 
industries, it seems safe to conclude that at the present time HlN>ut 
»er cent of the whole area is either cultivated land or IuikI from 
ch the timber has been removed. 

ransylvania County, in which are the headwaters of the river, is a 
> mountain region, having on its southern lM>undary the Hluo 
^ in its most massive and imposing form, and l>eing the starting 
it of the great Pisgah and Balsam ranges, which stn^teh through 
county toward the north. The only exceptions to the ruggtMl 
igraphy are the broad and fertile valleys of the French Broad 

its tributaries, which are cultivated and in a high stat(^ of iin- 
r'ement, l>eing among the most valuable and productive fanning 
Is in the State. These valleys are the scene of an inijMirlant 
k-raising industry, which is the principal sour(»e of revenue, 
igh enormous crops of cereals and grasses are produced, sonu* 
icco is raiseil, and fruits of large size and fine flavor an* grown. 
g^reater jmrt of tlie county is still in the original forest grow! h of 
usual varieties found in these mountains, which attain great size 
iccouut of the surpassing fertility of the soil. Then* are extensive 
IS of white-pine timber which will yield fairly g(K)d lunilxM'. Tlie 
chantable trees of walnut and cherry have l)een largely r<»niov(»d, 
Ligh an occasional walnut of fair size is seen, and small tracts of 
rry are said to exist on the higher mountain slopes. Large tracts 
>oplar are also to be found, and but little oak has been cut. It is 
mated that of the total area of the county only al)oiit lo per ami 
leared land. 

liere has been no development whatever of the mineral. wealth of 
knsylvania County, though gold, silver, lead, eo[)i)er, nickel, 
estos, corundum, and mica are said to exist in the vast wilderness 
ihe Balsam and the Pisgah mountains. 

[enderson County is the northward or downstream continuation of 

valley of the French Broad, and its topographic features an* simi- 

to those of Transylvania County, except that its areas of com- 

atively level and fertile land are larger and the general aspect of 

country is less mountainous. A remarkable feature is the 
larent great depression of the surface and the width of the stream 
leys, some of which assume, as on Mud Creek, the character of a 
le swamp. This depression is, however, apparent and not real, the 
3t depressed portions l^eing above the level of the Blue Ridge 
teau. The hillside slopes are very gentle. 

''he soil on the uplands is not remarkably fertile, being a light- 
y gravelly or sandy loam. The soil in the valleys is in large part 
ivial, with much vegetable matter, and yields large crops of grains, 
sses, vegetables, and fruits. Corn grows well, especially in the 
leys, but the principal agricultural industry is the production of 
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i-iiMwK'"-" iui'l "itn-r v<';r<-taMi's fur imirkol. A great deal of fn^ii 
iilxi };ri)wii. and i^ i-Uhi-r i-aiiiiiHl or tir'wil. .^^^h 

Aliiii;; Dif stri>iiiii vnll<-ys of 1 It'udcrson County pinr Is Ut^HP 
iiiaiii Kruwili, hiii on llii- ii]»1iuii1m onk, ehestntit, hviniuckiUO^ 
Mif 111 In- fiimiil, wliilf iii'iir Ui*' suiniiiit of the mounlHina uid felbi 
i-olil Hiiil hl]i-lli-if'<l covt-K wnliiut, chc'iTj', maple, and nn inwnilniill 
wliilt- piiii' arr sim'ii. Thi' liimlH>r industry, howi'vi-r, bi of mil 
iiii|M)i'taiii-i-, lhoii};)i some In^rs liiivt* l>et'n floated to A<theTflK I'd 
Miiiall (iinourils of liintM'i- ail- <-iil tLiiiiuiUly for lof»J ascw. ScMUin 
Itark isalM>;.'i(Mi<>ivd. 

Ali)iiiii;;|j ill)' |iiii[Kirtii»i of i-omimmtively level land in ttilieiaaty 
in v<Tv;;i-i>ai. ii .•oiiailfi' |ii-i>pi)rlioii of the iirwaiB cleunvl thnn Ini 
Mailisoii t'oiiiily nr I'lUiii-iMrilii' County, Ih«cl»ared lantl nmouaU 
aliiiiit :il iMTii'iit iif lli<>w)ii)lf, aiTonliiigti) theretom»of thoKleWBtb 
(Viisiis. and oidy siiiiil) aiiiDUiits of clenriiig have been done bmb 
llial liia*-. sii thai ii is iiiiiinihahle llial Die clearml land nowamoiuta 
111 ini>i-i' than 'Mi [u-r ci'iit nf ltii> enliii! areii. 

Till' i-i>niilry rock l}iTi>ii;;liiiiit lleaderNon County is for the noit 
part ii ;:tii'i.-s, liiii thr valley of lloylstoii Creek is in a schistose lime- 
sloiii'iif a tiray-liliiei'idor, whieh in [ilaees <^trries thin veins of fitiHrii 
'I'he iiiiiiiTal vsi-allli iif ilie I'oiiitly is great«r than that of either ^luli- 
son Coiinlv or Itniiciiniln' County. Wlmt is said to Ijo tlie lar),i;rt 
di'pusji .if /in-uii ill till' rnili-<) States oeeiirs in the valley nf (iwn 
liivi't'. ;ii)d ^i>|i| i> fiiiirxl iit Ilie Itiiylston mine, i>n the souiIieii!<lrni 
slopi' .if l-'r.i'p- ^Iciniiiaiii. i:; miles west of llendersonville. 

Tlir .L''-rnTal -.nrfii.-i- of i'.iLn.-oiiitie Coimty, the liext eoiiiHy ti. Thi> 
rmrili, i.- iimif liiHy ih;iii mniiiUainoiis, with stn>nm valleys luimi* 
;iml limii.-(i in r\ii-iii. wlii< ]i, luiwrvi'i-, citTei- |,'o*tii facilities fur ajtri- 
inlliiral o]ii'r;il imis. Ili-uvrt-ii Aslieville and Alexander llie wuntry 
on I In- norlli si.l.- «)' tin- Hmths far as eoiild Im- seen was Kenlly mll- 

iii;;. Willi s|,.|i,.s of from .'. In 1-". de-rr s, ahoul two-thinls elearetl iiuJ 

lrir.::ely ''lilt ivaii'ii in i:i'ii». On llie fontli side of the slreaiu ihf 

iiiunlry [inv-ii\es iIl<- sa i;eniTal eliaiaeler, hnt the hillsidi- slupi':' 

appear ;:i'iilt.T, aver:ij:i[ii: In^lwei'ti .'i and ID deifiveH, about tlwsaiiw 
piiiporiinri 1.1" land lifiiLi: rl.-ar-'d. The f.in-st frmwth, which fursi'v- 
era I miles l>ac-k from ilie si rraiii i> in small sejrreyated arcns — t"osui*ll 
111 ntfi'i'i Ilic riin-olf- is mriri' lar^fi'ly pine than in the iHlsiux lierel»- 
fore di'si-rilii'il. A niinilier <•{ irilinlaries rising in the gaps uf llii' 
moiinlains enli-r lli<- iimin >1r['aiii. addtn-; mueh to tho tveauty uf Hi'' 
seenery. I-Ai-rv >e;ir .L-rrat iiiimliers of lounsls visit the %'alley "f 
the Kreneli limiMlin si-nreli of lu-allh or pleasiiri'. PI. XXXi8a\ieT 
on Swiinnanoa Hivi'i, one of llic favorite stivanis uf nature-loving 
lonrist.-i. 

'Die iipliind soils in llnneondK- (.'tniniyarc stilV, even-gmtQed l0sn>^ 
rai-ely sandy, generally deep, licinj: d.-rlved from ili(> disintegration 
ill kHh of mieiss. and arc on the whole vi-ry ferlile. Tho soils on the 

■ilamls are rieh seilinientary loams, wilh iiiiu-li vegetable matter 



V* 



Ev.l FRENCH BBOAD RIVKK. 119 

ip: th<^ smaller streams. Aloii«;r thi» larjriT strfanis an* l«»ains simi- 
iii clianioter t4> thosi' on thf* siiiall<*r stn*anis, but innn' sjiiitly au«l 
fertile. The liills iM-rnle rapidly wht*ii niipn)teei<Mi, hut an' ;r<'ii- 
ly quickly see^led with ^rrass, pnMhiein;; a retentive* turf, 
he soils prrxhiee all of tlie een-als, jrnisses, and fruits, wheat yield- 

10 or more hnsliels to the aen». Oats do well. ('<»rii thrives, pro- 
injj^from :>n to 4() V)ushel8 to the aen*, while elovi*r and tin* ;:ra.HS<\s 
«1 line <Tops of hay. In n*eent years more and nion* attention has 

11 pai<l t^) the raisin;; of lH.*<*f eat tie for niark«*t, and this is now an 
•ortaut industry thi*ou^hout the eounty. Many eliiek«*ns and 
ieys an* als<i raised, thes«* stdlin^ for jro^nl pri<M*s. Of tin* fruits, 
•les ari' i>nMlue«'d in j^reater ahundaiie«' tlian any other, and th«'y 
of larue siz<t and line flavor. All ve;ri*tahh*s ;rrow widl, tin- i-ah- 
:es Ikmu^T particularly if* mmI. To!>a«To is lar;:«»ly tMiltivativl ahmj; 

riv»*r and on the hills a few miles l>aek from il, tlM'*;i* ioralilii'^ 
uiinj^ !)i»st adax)ted to its pn^duetion. A ^rotnl ;rradf of hriu'ht 
aceo is obtained. 

;^he timlx-r in liuneombe Count v includes all of tin* varirtirs fountl 
he mountains — oak, hick<>ry, walnut, Iwecrh, bin^h, rhestruil. locus!, 
le, sprucf, and othei's, with a dens<» under;:rowtli of do;r\V()nd. laiin*!. 
dea, and other shrubs. Thcn» are larjjre mills saw in;; liimlMT at 
.heville an<l many small ones in elosi* proximity to tin* linilMT. A 
nsiderable quantity of tan bark is also sliipp«'«l from thr <*inirity, 
e oak stocks Immu^ ji:v'nerally sohl for fuel after bein;; barked, l>iit 

a rule no us<^ is made of the hemlock stocks. Walnut, curly l>ircli, 
1(1 curly ash are shipped in the lo;c t<> veneerin^r factories, but llie 
erchanlable trees of this class have Ikhmi larp*ly removed, and |>op- 
rand cucumlier trees, which furnisli tlu» chief buildin.Lr materials of 
IP iv/rion, aiv also l>eeomin;? scarce. Timber that can be floated, 
»ch as pine, |>oi)lar, and chestnut, has Immmi lar;rely remove«l to sup- 
.Vthe mills at A.sheville, but little oak has been <'Ut. A<'coi-din;r to 
(^returns of the Kleventh (.-ensns, about 2.') i)er cent of the area of 
^* countv was at that time cleared land. Sin<'e tlu'u, howt'ver, mucli 
'aring has iK^en done, so that it is estinmt<Ml that at the [iresent 
le 4n per <fent of the area is cleared; some estimat<*s place the 
ount of clearc»d land at 50 per cent, and it is ^<*nerally stated that 
Jut two-thirds of the cultivable land is cleared. Mr. (^eorjic \V. 
nderbilt is the largest owner of forest lands in the county. He 
ris manv thousand acres to tlie south and east of Aslu^ville, and 
dern scientific^ methods of forest manajj^ement have beiMi inauji^- 
.ted in all forests owned l)y liim. 

Ls has previously l^een stated, the country rock of 13uneoml)e 
iiity is princiiially a gneiss, though there are areas of granite, and 
OSS the southern edge of the county there is a narrow belt of slates 
I schists. The mining industry is unimportant. Talc is met with 
asionally, nickel is seen in very small ({uantities, and a seri)entine 
^ood quality oceura in abundance lR»tween VVeaverville and Leices- 
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tM\ hut till* v<*in has novcr Ikh»ii workwl. Magnetic iron ore has also 
lMM*n rt>un<l at scNrral phuvs. It Ls saiil that many years ago some 
uf tli<* hitt<'r vfMiis w<*n' workcMl; ami a deposit has recently been 
(ip<*iHMl at tli<' lUackwcIl mine, m*ar Blackwell Springs. Limonlteis 
foiiiMl ill many places thi-ou^hout thi* iMuint}', and brick clay is AbBB- 
(laiit. Tlu' lattfM- is ma<lc into common and pressed brick at Bevenl 
yards, somr fin* lirick is mado, and a plant at Biltniore formerly msD- 
iifacluriMl drain and roofing tile and ^mving brick. 

Mineral sprin;;s «)t' divers kinds are abundant, those carrjin^ sul- 
phur Ihmii^ the most noted. There are also numerous nonmineral 
sprin;;s, whicii furnisli lar^<* amounts of water to the strccims. 

Thr <Miuntry roads furnisli the chief means of transixirtation 
Dirou^hout the county, an<I while there has been a movement for 
^(N>d roads, partieularly in the region near Asheville, the greater po^ 
tiou of thr country roads are ix>orly graded and become almost 
impassable in the winter, (Ui account of mud. 

Madison County, the next county thi-ough which the French Broad 
flows, is also essentially a mountain country, there being very little 
valley land and the whole area l)eing traversed by mountain ridges 
ran<rin^ in hci«r]it from i\5(M) f(H?t to 4,500 feet above sea level. None 
of th<» ranj^es, however, rise to so great heights in this county as they 
attain in the a<l.joinin^ counties, oven tlie Great Smokies being below 
their avera;re elevation. Tin* soil is verj' fertile and produces line 
crops, thniiirh from the almost entire absentee of tran8iK)rtation facili- 
ti»*s the aj^M-ieiiitural pi'o«lucts are limited to little more than en(m}(h 
to siiijply the inhahitants, a Vi'vy small amount lieing raiseil for mar- 
ket. TIh' hills are rsiM'cially adapted to the pitxluction of a jrinxl 
.irrade of hri^^ht toha<'co. lar're <|uantities of which were ffa'iiii'rly' 
^n-own ami marketed in .Marshall or Asheville, but recently, on a<?(rount 
of the l<»w prices nhtaine<L this industry Ims suffered a diminution, 
ami the '*«h*adenin.ir." as the exhaustiMl tohac*co fields are kuuvrii 
locally, aie tn hr sren on many hillsides, either uncultivated or givw- 
inix corn i»r otln'i* ;rrain. Stock raising: produces a hirge annual reve- 
nue, whieh e«nil(l he coFisidi*ral)lv increased. 

« 

The mineral wraith of the county is known to 1k» large, but it is 
most ly uiuh'veloped, .Ma^^H't ic ii-on ore. chromicr imn ore, mangane:^* 
niekel in small <iuantities, eorundum, serpentine, tale, and baryta 
are all fouinl. Some corundum has Ikmmi mined and shipped, mud) 
baryta has alr<'a<ly Immmi taken (Mit and is still ])eing mined by many 
individual miners. Kecrntly a talc mint' has been openeil near Stack- 
house, which is sai<l to produce a wry ix^ni <|uality of that minentl 

The timber foun*! throuLrhout .Madison County is remarkably fin^- 
Walnut trees s fret in diauK'tcM*, po])lars 10 feet in diameter, wild 
cherry, black bii'rh, and buckeyes :> (»r 1 feet in <liameter are met with 
occasionally, while the common t inilH'r trees, su(*h a« oak, chestnut, 
an<l pine, are j)lentiful and of lar^^*' size. .Much timber has already 
been taken out and niueli is still Ivelivy: loy;v^cd wherever the crude 
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bhods of lumbering prevalent can reach it. There are large millH 
^taekhonse and at Putnam, and small portable mills are loeate<l 
)Tever the timber can profitably be attacked, the lumlM)r l)eing 
^ned to the railroad for shipment. 

lie geologic formations of the county are similar to those of ('ocke 
mty, Tenu. Close to the State line there is a l>elt of sanclstone, 
ch is succeeded by slates and schists. About a mile Inflow Hot 
ings the latter give place to limestone and dolomite, which alcove 
springs are succeeded by sandstones, slates, and schists, and these 
>um by the gneisses and granite which are the predominant rocks 
the county. 

lie Hot Springs mentioned as being located in the limestone belt 
stitute one of the most interesting features of the region. They 
6 or 7 miles above the Tennessee line, directly on the banks of the 
dr, some springs indeed bubbling up in the bed of the sti'eain. As 
name indicates, the water is warm, although of varying degrees 
temperature, and possesses many valuable medicinal proiK^rties, 
i to be particularly efficacious in rheumatic cases, lliere is a large 
el at the springs, and many people come to take the hot baths, for 
ich the waters are chiefly used. 

liroughout its course in Madison County the river flows in a deep 
ge which it has carved out in the gneisses and slates, now twining 
ong the hills and now cutting through them, leaving at the latter 
ces almost perpendicular walls of bare rock several hundrtnl feet 
:h or sloi)es of from 50 to 60 degrees covered with a sparse growth 
Pfnarled and stunted trees clinging to the interstices of the rock. 
\ XXXI is a view of the river at Paint Rock, near the North 
rolina-Tennessee boundary, and shows l>oth the forested slopes 
1 the perpendicular rock walls in this portion of its coui-si*. As 
J river is ascended the sides of the gorge become gradually' lower 
d less steep, and the country beyond the crests of the river bluffs 
€8 somewhat its mountainous character, becoming instead a region 
ide up of rounded hills and swells, with broader and more nearly 
'el valleys l)etween, a. much larger proportion of the land being 
ared, the cleared areas increasing from practically none on the 
treme northern, western, and southwestern borders to probably 50 
rcent of the area above the mouths of Walnut and Pawpaw creeks. 
Throughout this area none of the closed basins which have been so 
table a feature in some other areas were noted, but instead there 
>ins to be a greater number of small stream channels, most of 
'm carrying some water, which was not the case over a large part 
the area drained by the South Fork of the Ilolston. 

WATERSHED IN TENNESSEE. 

depart of the drainage basin of the French Broad which is situ- 
d to the east of the town of Newport, Tenn., the western limit of 
i investigatiOD, is comimsiid entirely w\t\i\iv ttv^ \\m\Vs» ol ^w^sa 
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CuMiily. TIm' jiH*a iiiiiii«Mli;ii«*ly mImmiI Ne\v|K)r1 and for o f»rH miles li 
tin* (NiNt \v}iil«> liilly is not niomitaiiions, and in many n*si)eets t)eiii 
a <*los(' n*scMihlan«'i< to tht* (*oiintry seen alon;; tlu* South ami Mil- 
dl<* ri»rk> iff llolston JiiviM*, (*onsi.stin;;. as it d«)es, of rather lowhilli 
and limad rid^<*s of ^onlN* sI<»|m»s larjr<dy <*l<»an*d and ^rrass (^ovewl 
In parts of this artsi, parli<'iilarly in thi* part se<Mi from the nuiill^ 
inj^ from I*ari-ottsvilh» to \<»\v|M»rt, nuin(*n>us small rloswl tlrai 
liasins or >inks \\i*n* oIisim'vimI, many «»f tlirm of larp' size and ha\i4 
]M)olsof \vat«'r in tlnMr Iwittoms. Of^visionally, ov(*ranaiva<if asquaii 
mih* or more, thcst* sinks (hmmh* in su<')i nnmbors as to absorb t he eatin 
drainage, pi*niiiltin^, so lar as could Im* obs<'rv(Ml, no waterlofindiH 
way into tin* stn*ain cIianiHds. Tliis will tend to pro<lu(MM*(jniplicir 
tions wlirn tin* run-olT from two similarly situatcnl aivas is ctmipared 
if (Mtlicr arra contains basins. \(»nc of the basins were uot^daboft 
the North Carolina line. Then* are numerous spriii*^ of ehalylieate 
and siil[)hnr water in Coeke County, and lar^e nnmlN.^rs of springi 
whos<* waters possess no medieinal projierties. 

It is alon;r this part of the eoursi* of the sln»am that the far-famed 
seenerv of tin' Krenrh l>roa<l occurs, but witli all its l>eautv thi* seeti- 
crv barelv equals that s^mmi when the summit of the river bluffs hlft 
been reached, where vistas n\' mountain and meadow, wootlland and 
stream arc spread out befon* tin' eye, seeniM'y of which tlie nigged 
l»eautv i>f tliat alontr tin* rivt'r lias triven no promise. 

If the wliMJr an-M ot (*nrk<* County lie considered, about 4opfr('0Ut 
ot' iIh' land i»^ t-lrarrd .uid t-nitivatcd. accordintr to the 1m*s1 infnrma- 
t ii>n nliiainalilc: Ihm i lii> incliidfs a [)art of (h(*vast Cnaka mountain 
I'liaiiK with it»^ nnilyinir >pnr> and ridjri»s. where the proj)ortinii »f 
fh'Mred laiul is fxi-mljiiiriy small, so that it isestimatfd that f foin ♦Ji 
lo T'l |M'i- <-«Mit of ilir an*a to the wrst of the mountains is cleaivd and 
under iMilli\atinn n?- in ura>s, whlcli is one of the principal pnMliirts. 

Thr nmnnlains rise vny abruptly and steei)ly from the m<»reK'Vel 
area, ami iln- p!'o|M»rlinn ot" cull i\ able land on tliem is snuill. Inking 
conlined in ihe slii-ain \all(\vs and lo a few of the lower and <r«*ntk*r 
slopes. Ill sniiie of the roves and .i:oiti:4»s the soil is i^roductive, htit 
tlies«' aiM-as ale tno small lo be of value for irrain ^rowiujir. They are, 
lioweve!'. adapie<l iu the production of lthiss and fruit, althoujrh very 
little has been done in thai «lireciioii. The principal valley is of 
course iJiat <»f the main stream, whicli has an av(M"aj^e width of about 
1 mile ami is exereilin^ly ferlile, the soil, which is alluvial, hoiii? 
deep and pl•^M|uein.u^ willi ;^oo<l cultivation, fnun 50 to HH)busheLsof 
corn to the a«-re, this beinir the priiu'ipal crop. Oats tliriv«»vory 
Well, wheat not so widl. Of latt* vears more of the land has iKH'ti 
sown to ^rass. aii<l the stoek-raisiui^ industry now alTords a considef- 
able revenue to the people of the county. The price of land ranges 
from -si atid «- lo moi-e than 'S'»<» an acre. 

There is some v<'rv line timber in Cocke Countv, nminlv oaks of 
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rioaH kinds, chestnut, maple, hickory, walnut, whito and yollow 
ft«, spruce, and other varieties. Formerly a K>^Ht many shin^loH 
remade, mostly from white pine. A limite<l amount of IiiuiInm* is 
ved annually by the small country mills for local um^s, an<l a niucli 
S6r amount of timber is annually destroy^Ml for the puriM>s(* of 
Ippiiig tan bark or for railroad ties; but taken as a whoh* tlio tini- 
r industry is of little importance, and the same is true of iiianii- 
Stares in general. There is a small cotton mill at Newport, also ono 
'two small sawmills and a flouring mill, and there art* small sawmills 
d gristmills at various places in the county, hut they an* of little 
portance. 
The mineral wealth in this section is very great, but so far as could 

leameil nothing has been done toward developing it. Iron is said 
occur in paying quantity, also lead and baryta. Ni»wiM)rt is just 

the junction of tlie shales and the limestone, wliich then' form a 
irrow valley, and for 5 or 6 miles up the river lim<»ston<»an<l dolomite 
cur, the prevailing color being blue, though layei*s of gray r<H*k are 
90 founil. The limestone and dolomite are suceet»de<l by red shales, 
id these, for a fourth of a mile or more upstream, by white or grayish 
ndstones. Passing these sandstones, shales or slates are again met 
ith, Imnds of conglomerate occurring at intervals, also a few layei-s 

dolomite. The sandstone then makes its ai)p(»arane(» a^ain and 
^ntinues several miles up the river, or to and beyond Paint Rock. 

RAINFALL. 

The total annual rainfall at Asheville is 42.0 inehes, distribntcMl as 
Hows: Spring, 11.7 inches; summer, 13.8 inches; autumn, 7.7 inches; 
id winter,' 9.4 inches. Asheville, however, is in a region of rather 
w precipitation compared with the rest of the mountain country, 
though the records of the staticm at Waynesville show that the 
mual precipitation between Asheville and Paint Rock is very near 
e amount stated. Records of stations above Ash<»ville show that 
e annual rainfall increases very rapidly as the stream is ascended, 
id near the headwaters, but across the divide, are stations having a 
3an annual precipitation of between 72 and 7.'3 inches, with an 
casional record of more than 105 inches. 
The distribution of the rainfall is favorable to a large annual run-oif 

the stream, since at the time when plant life and evaporation make 
e heaviest demands upon the precipitation the rainfall is greatest, 
d it is least in autumn and winter, when these demands are at a 
inimum. However, since the autumn precipitation is the least and 
ant life and evaporation are still rather active, the stream is then 
bject to periods of low flow, although tlie run-off per square mile 

large when compared with streams draining areas out of the 
>untains, and remains so during even the periods of severe drought. 



124 SDl'TliKKN APPALACHIAN MOUNTAIN SKGION, FT. IL [«t« 

TRANSPORTATION. • -«•♦ 



Tlirtiii^^litHit ih<* ^n*Ht«'r purl xif th(.' basin of the Frondl 
1raiis|H»rt;iiioii ra<'iliii(*s an* {nnh', iM'iii^ mainly confined to He oifr 
nary count rv roads, which a.s a ruh* are Hteep and rough, pooiff 
;:ra(l(Ml and ill kf|»i. 'I'lic Kncixville branch of the Sontheni Railvif 
follows till* coiirst* of the stream very ulcisely lielow Aaheville, and tli9 
Spartanbur;; branch of tlic same syst-em runs approximate!}* {lanilkl 
to it fur a loiiu' «listancc in the upper im.rt of its course, while tbi 
Murphy branch furnislics railruail facilities for the inhabitants of tlie 
vall<*v ot' lloiiiinv ('n*ek. The Ilemlersonville and Brevanl Railroad 
has rciu'iitly bc«»n const ructe<l fnim Ilendersonville to Jcptha, ii 
Transylvania County, furnishing an outlet for the pnxluets of tb 
upIMM' part of the basin. Ibit owing to the character f if the r'uuntqr 
the transportation facilities aix» leas effective than they othenrisi 
woulil b«', ami th(»re si'cnis no present pi"osi)ect t hat the eomlitions 
will be bettered, thonglioiie or nion' julditional lines of railroad luire 
iM'cn projected to travi'rs4» the basin. On the whole, however, tiie 
trans]iortation facilities of the aivaare better than those of any other 
seetiiMi of western Xortli (-arolina, and inconsequence it is better 
known to the oiitsid<* world and is moi*e pmsjierous than the areas to 
the northeast and the southwest. 

DISC HAKCiK MKASrREMEXTS. 

Miirinir the invent iirati<ni a paging station was ostnblisheii on ihi' 
Fieiirii iiro.id at olillow II, Tenn., where ineasurcMuents were made 
t'roiii liiiii- Id liuii', also at other places along its ooui-sis as slH»\viiin 
the I'lijldw iii;r iai»le. Tih* Survi'y has maintain<*d n gaging station 
at A>lie\ ille >iin-e September, ls'.»'), the results of which have IwD 
published in the annual ivports. 



hisi'hnnjr III! iisnmnrnfs iff hWftvh lirtHtd River, 



beii;lit. charjS 



I'.'iN.. Fret. Ac.Uit- 

S'l-t I <»l.lt..wii.T.-n!i .. E. W. Mycrj* and L. V. l.u» JC*' 

iiranoh. 

X.n-. -J .... .1.. dii 1.3»i l.est- 

l»..i'. 1.-) . .|.. «io !.;}ij 1.SC61 

1 )..«■. Li; il.. .... ilo ' 2.W1.11 

Srjii 7 ()iii« haif iiiili- ;il»iiM' n<»l Spring"-. N.r L V. Branch i I9.:i"» ' tf^' 

Si'pt.l:.' .Mi-vaii.ir'j-.X.C' K.W Myers » 17.15' J^"'! 



«»ci. L".* ... .1.. T.. V Hrancb ' lti.^7 I 2.<ta" 

Si'pt !•* KaiMiiiij,' Krlll^c•• X'«rth < '.'inilina . . . N*.r (.'iirtis 

()«-t. \: ■ ... ilo do 

S«i»t.J7 l'.-Mr..^.-.N r (]•) 



S«']»t \-i Ni-ar t '.'irs.iii rr»M"k. N. (' do 



- I 



(U't 1"> ll'» tl*)-. 

St.'pl. 11 Kustat«Mi Hi'MU''. North <':iroliii:i lio . . 

<»«-t. J'l i «i>» do 



H»*»i I.l'il.i 



19. Ml, \.W 

13. }<i» , a« .' 

12. iCi I lis • 

11.21 iai< 



X<»TK At rcj^iilur .statiiius <il ihf <ii'ol"»gii-al Survi?y irai;es an.' iastallcM] by which the rite uf 
tlu' riv«-r is nn'a-'iin'd. an iinTfa.sf in ihi' «am.- boii^iit r«'i>ri"*rntinpr an incroatieiii the ditH.'b5rt[^ 
ot th<!.stri.'>iTn. This is tru»: of tIu* ni«-asur«'moiit.-» in tlit* ulxivi' taldo at Oldtown. Inmakin^all 
of tbootbor m«'as»n.'mi.»nts, liowt-vcr. in oacli i-ii^o a lH«urh mark was established and measure- 
nients w«»ro imid'.s l«y means of a st«'<'l tajM», of tho di^tano* from the bench mark to the surface 
of tb»' water. In tbi'se (^i»»i«h. thi.'rofon'. uu iu»'v«'a^«* \\\ \W mvlv:-' \\v^\v!.lvt itioiuiji a lowering irf til* 
watvr surfurt,' and a corri'spoudini; doirrcasio iiv v\\»\ t\\'-«"\vAvvi*'^ *A Wwi ^vc^saasi. 



« 
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WATER POWERS. 

[n describing the fall and power of the French Broad we will start near 
wport, Tenn., and follow upstream to its source. At the starting 
int, about 2 miles north of Newport, the river is a comparatively 
kcid stream, flowing between willow-bordered banks and through 
)ad and fertile grass-covered bottom lands, and this character is 
served for 5 or 6 miles, when there is an abrupt descent of about 
set over a rock ledge extending straight across the stream. Near 
se falls the bottom lands almost entirely disappear and the moun- 
os begin to close in on the river, the hillside slopes, which are 
ursely forested, varying from 30 to 50 degrees. Fart.her upstream 
occasional broad bottom is to be seen, but the mountains continue 
rise higher and higher as the stream is ascended, the river entering 
orge which reaches a very highly developed stage near Paint Rock. 
© PL XXXI.) Throughout this distance, however, there is little 
icenti*ation of fall in the stream, the fall averaging about 10 feet 
ihe mile, following the course of the river, which is very tortuous 
this section. 

lie stream preserves the same general character as far as Hot 
ings, the average fall per mile between Paint Rock and Hot 
*ings being about the same as in the section between Paint Rock 
1 Newport. Above Hot Springs, however, the character of the 
er changes abruptly, and from a smooth though rapid stream it 
(omes a tumultuous mountain torrent, dashing along among many 
^e bowlders and over the rock ledges which obstruct its course and 
ject above the surface in jagged ridges, twining and curving around 
hills between lofty and steep walls of rock, which are thinly 
d with stunted trees. The river contains many islands and is in 
ces very wide. 

n the 7.7 miles between Hot Springs and the mouth of Brusli Creek 
t total fall is 201 feet, giving an average fall of 2G.1 feet per mile, 
ere are several places in this distance where the fall is noticeably 
icentrated. The first of these is about one-fourth of a mile above 
t Springs and is known as the Mountain Island Shoal. At this 
tfd, shown in PI. XXXII, a high and rocky island about 200 yards 
g divides the stream into two parts. The most noticeable concen- 
tion of fall is at the ends of the island, there being at the lower 
I an almost vertical plunge of between 4 and 5 feet, and at the 
per end two plunges of about 3 feet each. There is also a fall 
about 4 feet in the distance between these plunges, making a 
al fall of about 15 feet at this place. Below the island the river 
itracts suddenly to a width of about 100 feet and the water is very 
)p and sluggish. The railroad is on the north bank, crossing the 
eam a short distance below the island, and as the track is only a 
V feet above the level of high water, it offers an obstacle to the 
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«l«-v«'l«)piin*iit nf tIm' powjT. A ilt'volopnioiit could Ik* made, however, 
liiit at <'i»HNiiliTal»lf <*xp«'iis(.*, by <Miiistructin^ a win^i: dam from the 
ii|»lHT end of th(* island dia^joiially toward tho iinrtli hank, gradually 
• Irrnsisini: tin* h<»i;rld i»f tin* dam iij)stn»ani. This would throw m 
inindi of th«* wal«T as mi;L:h! be desired to the* .south side of lluMslaDd 
and awav from the railroad, and then by buildiii<r a dam aon)SS the 
south ehannel near the lower on<l of tho island tin* How of the stream 
eould 1m* eonti-oHi'd. Spaee for a power hous** on tin* island e«mldbe 
eieared by a •^niall amount of blasting, and tlio ]Miwer 1m* t raiisiuittcd 
to Hot SprinjT!^. where then» is a larjr** ar«»a of U»vtd laini. Thisisbr 
far the larirest and nicest noticeable fall on the stn^am, and probably 
Would alTord a ehea|M*r and easier ilevelopmeiit than any oth«T. 

As at this tall, si» at all <ithers bctwiu'ii Paint Koek and Ashe- 
ville, the proximity of the raib-oad to tli«» stream n»nder!s it imiJussible 
to build hi;rh dams, thoujrh otherwise the eonditions for easy and 
eheap eoii>trui'tion are vi^vy favorabU*, for I'Verywhere stone can be 
obiaiiHMl in irreat c|iiantities at <*omparatively small cost for blasting 
and t ran>portatii»n to the site of the win*k. 

Althouiih the averatre fall per mih' in tho stream ehannel l>etween 
the liead of ti)(> .Mountain Island Shoal and the month of HriishCm'k 
i> \erv uMiat, tln*re are several pla«*es wh<»r«» it is still more eniicen- 
trat«'d, tin- tlrst of these iM'inir Jtist above tlu» mouth of Laurel Cn-ek, 
wln-ri' tlh' r.ill i*- estiinatiMl to be about 15 fcM't in a little niinv than 
niH-rniirili ..1' ;i miir, ami about '2 miles bidow harnard Statinn. 
wln-n- 'li«i«- i^ allot lui- larL::e tall within a short ilistaiiee. .ln>l 
btlow and .1 liitlr above tiie mouth of I>rush C'riM'k theiv is still 
aiM»lln'r l.irLie I a 11, the bauk.N Iwin^ veiy hi.irh, steep, and nn'ky, tht* 
>J ii-am iMiiM jiarai i\ «-ly narrow , and all id' thei'onditions t'or theeoiistrni'- 
tiiiii of a liiLili 'lain \ciy favorable, e\ee|>tin^ the presiMiee of tho rail- 
r«ia«l. Ai ahiiovi aiiy de^^irrd plaee within this distauee — I'min thi' 
Moiintaih NLumI Slioal to r.ru>h ( 'reek- falls of from 15 t o iM feet can 
In- obiaiin'il. 

l-'iom the iiioiiili o| Hiush (I'ei'U to Asheville, a <listanei* ()f -!*.-^ 
niili'»>i, iln- >lr'earn is>till \rry i'api«l. but the averaiTi* fall per mil*M'' 
iMUeli I«'v^ than in the Mciion jn>i di"-ei'ib«'d, beinir about 15. -^ fiM't.in 
i:eiirral ueji di^iributed. Site> when- tails (»f In feet or more can Ix' 
nliiaiiied ai'e niiiin'i'oU'N. ihouirh none of them were ni»te<l partictilarly- 

The iir«-t powrr de\«"loprd on this stream is at Marshall, Ahi<li>"" 
(Niiiniy. wheir, on the south bank of the river, the Marshall MiH' 
inn Cniiipany ha^ elected a ll«»ur mill with a eai)aeity <if 75 hanvl> 
pef day, utili/inii oiil\ a small part of the llow, whieh is tut""'''' 
aside by mi-aus of a uinir dam about 'Jikj yards lon^ extt»mliiig tltJ^r' 
onally uj)sti'eam abcmt half the wi«lth of the river, from the uppereii'l 
of whieh a verv low dam has been built to the north bank of l'"' 
stream, both dams beini^ made of loi:s and uivinir a fall of l') fcct*'^ 
lh(^ wheel. 



nr] TRIBUTARIES OF FRENCH BROAD RIVER. 127 

liere are several other localities between Marshall and Asheville 
Bre small powers could be developed in the same way, but no 
nnpts have been made to do this. There is a project to develop a 
ill fall in the stream jnst below Asheville, to obtain power to oper- 
street cars and electric lights, and a low dam has l>oen built, but 
other work has been done. 

Lbove Asheville the character of the stream again changes and it 
omes a placid river with a current which though rapid when corn- 
ed with the streams of the Coastal Plain is ver}* sluggish when 
ipared with its mountain neighbors or with its own current a few 
es below. The bed of the stream is overlain with a stratum of 
rse sand and gravel, and in general is rather smooth, though the 
rent is interrupted at intervals by ledges and bowlders, and the 
i is very much more gradual and evenly distribute<l than is usual 
h mountain streams. Tlie distance from Asheville to Brevard, by 
9r, is 48.35 miles, and the total fall is 130.0 feet, making the average 
per mile only 2.7 feet. Indeetl, so small is the fall that at one 
e the United States engineers did a great deal of work on this 
tion of the stream to render it navigable. Formerly a small 
imboat plied the river, but it did not pay expenses, and of late no 
dmpt has been made to navigate the stream. 

Tiere are two principal obstructions to navigation, the first of these 
miles above Asheville, and known as the Sandy Bottom Shoal. 
is is the largest shoal on this part of the river, the total fall being 
S feet in a distance of 18,000 feet. Three and one-half miles al>ove 
3 is the Long Shoal, where the fall Is 18.3 feet in 1 2,1)20 feet. Above 
9 and as far as Eastatoe Ford, alK>ut 1 mile above Jeptha, the 
3am flows placidly along through a broad and level valley and offers 
possibility of power development. Above the ford, liowever, the 
1 rapidly increases, but the stream divides into the North and West 
ks, both of which are too small for consideration as power streams. 

TRIBUTARIES OF FRENCH BROAD RIVER. 
DISCHARGE MEASUREMENTS. 

)uring the investigation the drainage basins of the important tribu- 
ies in North Carolina were visited and the following measurements 
de: 

charge measurements of tributaries of French BrfKid River in North Carolina. 

L<xrality. Hydrc^grapher. 



4e. 



10. 



15 

.16 



Stream. 



Oaore Dis- 
beight. charge. 



North Fork of Two hnndred yards above , N. C. Curtis 
French Broad, month of West Fork. | 

Blyer. | 

do ! do , — do 

do Bridge on Brevard -Webster do 

road. I 

do Ford on rcja<l between Tuck- do 

er and Shoal creeks. i 



Feet. Sec./t. 
lOO.ft 



13.2 ' 51.8 
14.98 1(J7.48 

7.3 ' 75.0 
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rn^rharge tnecuturementa of tributarieit of Fretich Broatl River in Xorth Carolm 

Continiied. 



D«t<«. 



Htroam. 



Locality. 



HydrogrmpheT. 



Oftce D 
belghtcki 



IffMi. 
Sept. U 

Oct. 15 
Sept. 14 



Oct. i:> 

Sept. Irt 

Sept. 13 
Septal: 

Oct. 1« 
Sept. 17 

Oct. 1« 
8ept.l7 

Oct 17 
S<'pt. IH 
Do 
Do . 

Soi)t. 19 
0<-t 17 

Sept. 1» 
Sopt.ai) 

Do . 

S«>pt. 12 
Oct. :»» 
s«'iit ir, 
()«t. .*ftt 

Si'pt. 12 

St'pt. !♦; 
Oct. :m) 

Si'pt. 12 
(H-t. »i 
Sept. II 
Oct. L1» 
S<-])t.l2 
Sept. 17 

Oct. :»i 

Sept. 1 11 
Oct. :«!» 
Sept. 17 

Oct. 2?» 
Sept. X 

Oct. ni 

S4^pt. M 

S«*pt.Ht 

Oct. :n 

Sept. H 

Oct. :n 

Sept. s 

Sept. IS 
Se])t. 7 
Nov. I 
Sei»t. 7 



Wont Fork of French Nearmonth ; N.C.Ctirtis. 

Broad River. 

do I — do ' do 

Middle Fork of Bridge 90 yards aboye ford... I do 

Froncb Broad 

River. I 
Sonth Fork of Footbridge at ford of main do 

French Broad road. 

River. 
EaMt F'ork of French Near month do 

Broad River. 

Tuckeri'reek Two hnndred yards above do 

month. 

C'athey ('reek Ford of Brevard-Jeptha road do 

King Creek Brevard road do 

Davldflon River Nearmonth do 

— <lo ' do do 

Little River Three-fonrths mile above do 

I mouth. 

— do do , do 

BoylHton Creek Nearmonth do 

MillB River I Bridge on Old Haywood road.; do 

...do "... -do do 

Mud('n.»ek i Nearmonth ' do 

Canoy Oroek Bridge on Westf all's place , do 

Avery Creek Bridge on road from Mills' do 

I River to Ashoville. | 
Homin^ (reek Asheville do 

— do , do I do 

Swannanoa River Biltmore ' do 

North Fork of Swan- Three miles altoye Swanna- I do 

nanoa River. noa. 

Flat Creek ' Two miles below Black Monn- 1 do 

tain Station. > 

Ri'Rverdain Crook Fifty yards al>ovo mouth ' E.W. Myers 

dn (lo L.V.Brancb 

Let'NCn'ok Olivette ' E.W.Myers 

• lo do L.V.Branch 

Newfouinl CnH'k At mouth E. W. Myers 

do Three-tourtU?* mile alK>ve ! do 

mouth. I 

.. do ' L.V.Branch 

At nn»uth I E. W. Myerrt 

... do - L. V. Branch 

... d.» E.W.Myers 

do L. V. Branch 



Feet, as 

S.a): » 



do 

Hoeins Crcok 

.lo 

Flat (.'reek . . 
.... do 



Sainlvimjsh Creek 

... do 

... d.) 

Turkey Creek . 

do 

Hi^ Ivy River . . . 

.... do 

Littl<» Pine Creek 



IJjiiley - I E.W.Myers . 

— do do 

— do - L. V. Branch . 

Hlackwell Springs | E.W. Myers . 

. do L.V.Branch. 

One eij^hih mile l>el<»w mouth E.W.Myers . 
c.f Bull (rook. 

. .- do L.V.Branch. 

One hundred vardH nlwve ; do 

mouth. 

do d<» ' do 

I^•l\^'llaw Creek. ... One milo {i]h)VO m<>uth do , 

Walnut Creek At mouth do 

. . 'In do do 

Hii; Pine Creek One liundrod y.inls ainn-e do 

mouth. 

-. do do do 

Bijj Laurel Creek Two hundred y:ird« iiIk)VO .do 

m<juth. 

do do ' E.W.Myers . 

Si)rin>r Creek . Xenr Hot Sprinjjs L.V.Branch. 

.... do <lo do 

Shutin Creek do do 



S.S 
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5.S 

laii 

13.4 
5.11 

10.1 
6l56 

I 

15.1 I 
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191 

16.07 

4.06 

5.09 
5.(V 
11.15 
10.95 
17.75 
10.19 

10.44 
12.1 

17.43 
9.73 
9.43 
9.53 
7.97 
8.32 
2.55 

Q "O 

5.H4 

5.76 

iA 

21.24 

2.a5 

6.07 

6.01 
Id. 1:1 

15.77 
2.00 

2.(»7 
2.«1 



XoTK In making tlie niea.surements reeordetl in the ubovo table l)ench marks were e 
lished and measurements were ni.iile, by means of a .steel tajte. of the distance from the b 
mark to the surfa<'«? of the water. An increase in the ^^ai?^^ hei^rht. therefore, means a lowerii 
the water 9urfaci»and acorrespimdinjf decrea.'^o in thei di.schar^oof the stream, thereverseol 
results at the regular sUitions of the Survey, where ^raues are installed and where an incre* 
the gago height roprosenta au increavse in the discharge of the stream. 
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[The principal drainage basins are briefly described on the following 
poRy in order upstream. 

LONG CREEK. 

Pke first .tributary of any size entering the French Broa<l al>ovo 
airport, Tenn., is Long Creek, which flows in from the north, drain- 
l a small area. At the mouth the valley of the stream is very nar- 
V', the mountains rising high and steep on either side, in walls of 
i&ost bare rock; but farther up the valley widens greatly, an<l it is 
Smated that above the forks aliout half of the basin is clearcHl land, 
tug made up for the most part of rather low hills, with g<»nth» side 
pes timl>ered in pine and oak. Corn and wiieat aro Du* ])riii<'ipal 
feps; about one-third of the cleared land is in grass. 
At the time the stream was visited it was extrenielv low, its flow 
big too small to gage, but it was carrying a quantity of watvr (»sti- 
Med to Ix^ between one- fourth and one- third of a st»con<l-f(M)t. The 
e^oam is said to rise verj- rapidly after rains, rea<jhing an extn»m*» 
Aght of about 4 feet above low water. The floods are <»f short. 
mtion. 

BIG CREEK. 

Big Creek, the next tributary, enters the river from the south, near 
Bl Rio, draining an extensive area in the high and rugged Ston*^ and 
Doky mountains, almost the entire basin being forest cov<»nKl and 
vry steep and rough, with a great deal of rock exposed on tht' hill- 
ies. The cleared land is confined entirely to the narrow strips bor- 
>ring the stream, but it is small in amount, l>eing probably less 
isn 5 per cent of the area of the basin, which ma}' thus l)e cjonsidored 
itirely forested. 

When this stream was visited it was very low, carrying an estimated 
^charge of possibly 2 second-feet. It rises rapidly after rains, in 
msequence of the great steepness of the hillside slopes over its basin, 
ad attains a maximum height of from 5 to 6 feet above low water. 

LAUREL BRANCH, MOONEYHAM BRANCH, AND ROCK CREEK. 

These are very small streams which are practically dry during 
Bvere droughts. 

WOLF CREEK. 

Wolf Creek is the next tributary. It is a small stream entering 
rom the south, draining a long and narrow area which with the excep- 
ion of one or two small patches of an aci'e or two near its mouth 
'^y be considered entirely wooded. The basin is rough and moun- 
*inous, with very steep slopes. The forest growth consists for the 
^%t part of pine, with a dense undergrowth and with some oak and 
^estnut. Extensive lumbering operations have been carried on on 
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the mountain slopes over the baaiu, and much of the aviulable t 
has bet'n cut, but the ground is densely shaded by the uader^ 
and tlie nonliralwr trees. 

This stream wis not gaged, tlie (quantity of water which was 
ing, estimated ta be about 0.5 seiHiiid-ftiot, being too small to ad 
measurement. It was stated by residents that the stream wa 
at ita lowest stage. The maximum flood rise is between 4 and i 

SHUTIN CRKKK. 

The basin of this stream is simiUir to that of Wolf Ci 
that very little timber has been cut, 

ePBINO CREEK. 

Spring Creek, entering the river from the south, at Hot Sprii 
the largest tributary yet described. It rises in the extreme soi 
comer of Madison County, near Sandy mush Bald, on the northe 
nlope of the Newfound Mouulains, and flows in a general noi 
direction for a distancf of about 20 miles, draining an area 
square miles. Its basin is in the midst of the Itigli monntaius, is 
rough, and rHgge<i, and is almost entirely forest covered, the c 
laud Ix-inji i-onlirH'i! to the narmw stream valleys which consti 
very .-iii;lI1 ]H'o|).irl inn nf ttii- wltnli' uron, prniirttily less than 
cent. The stream attained its minimnm stage daring the anti 
1900, when it was measured and found to be carrying 0.45 » 
foot. It has a maximum rise of about S foet daring floods, irtd 
said to be violent, but of short daration. 

BIO LAUREL CREEK. 

This stream, the next tributary of the French Broad, rises 
forks, one in the Bald Mountains, in the extreme northeastern j 
Madison County, and the other in the XJnalcH Honntains, 
extreme northern part of the county. It drains an area of 141 1 
miles. Its basin is very rough and ragged, with a large proi 
of steep, forested slopes, ranging from 15 to 50 degrees and sho 
great deal of exposed rock, which is of a slaty character, 
considerable distance above its mouth the stream is in a dee[ 
and could not be followed, but it was ascertained that the e 
was extremely rugged aud contained no cleared land. The hill 
lack the symmetry of those seen farther upstream, having i 
slopes and being broken into irregular shapes by the small ' 
and gullies which extend up their sides. 

The proportion of cleared land in the basia is small, not moi 
25 per cent of the area being under cultivation. The cultivate* 
are for the most part conflned to the stream valleys and the 
uplands. Within the last ten years much land has been pa 



] TBIBUTABIES OF FBENCH BBOAD BIVEB. 181 

Mured by catting away the undergrowth and deadening the larger 
tes, the deadened areas being largely cnltivated in tobacco or 
m. The soil is in part red, clayey, and very impervious to water, 
d in part loamy, and is not very fertile. 

Extensive lumbering operations are now in progress over the basin, 
my small portable mills being located in close proximity to the tiin- 
r, the lumber being hauled to the railroad at either Putnam or 
bckhouse. Poplar seems to be the timber most sought, though oak 
i pine are aLso cut. Much chestnut remains, and trees of many 
ler varieties are found. 

\t its mouth the flood rise of the creek is from 7 to 8 feet. It never 
Is very low, the lowest stage known having In^en reach(Hl in the 
bumn of 1000, when the discharge was about 49 second-feet. While 
> stream is capable of furnishing power in large amounts, it is util- 
d by only two or three small gristmills, grinding grain for local 

k>me baryta has been found in the basin, but so far as c^ould In' 
med the principal deposits of this mineral are along the main river, 
the hills between Stackhouse and Marshall. Tahr is also foun<l in 
8 region, and some has been recently taken out which is said to be 
excellent quality. 

%eUon Laurel Creek, — This stream is the principal tributary of 
a; Laurel Creek. Its drainage basin is very similar to that of the 
lin stream, although as the creek is ascendeil the topography flat t^Mis 
t to some extent. The stretch of the river between White Rock and 
leghany is much more level and more extensively cultivated than 
y seen lower down the stream. The only extensive lumbering opera- 
ns carried on in the basin are in this locality, being mainly directiMl 
Ainst the timber which can be reached from the small tributary 
eams, although the operations are more or less general. 
The soil seems similar to that along Big Laurel Creek, but it> con- 
ns a very large proportion of rock fragments ranging in size from 
[)ea to several inches in diameter, and more quartz is seen, forming 
w an important part of the country rock. 

Phe slope of the channels of this creek and its branches is very 
)at, the storm waters reaching the streams almost immediately, the 
in creek rising very rapidly and falling as quickly. 

BIG PINE CREEK. 

rhe next tributary gaged was Big Pine Creek, which enters the 
3nch Broad from the south, opposite Barnard, draining a consider- 
e area which is largely forest covered, the cleared and cultivated 
d being conflned for the most part to the stream valley and the 
rer hills. The hillside slopes over the basin are almost uniformly 
ep and rocky, and the greater part of the area is mountainous. 
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WALNUT, LITTLE PINE, AND HAYES CREEKS. 

Walnut Creek, entering from the north, about 3 miles above 
nar(K is a stream of a1>out the same size and general character as 
Pine 0(»ek, except that the proportion of cleared and cultivated 
in it^ drainage basin is considerably greater, the valley of the sti 
l>eing wider and tht slofies less steep and rugged, the topography' 
sisting for the most part of rather low and rounded hills, largely: 
(•overe<l, although the upper part of the basin is steep and mount 
ous. The cleared land amounts to probably one- third of thewl 
area, possibly more. The stream reached a ver^'^ low st<age in 
autumn of 1000, lower than ever before known, it is stated. The 
charge measured on September 10 was 1.36 second-feet. The 
mum rise in flood is about 4 feet. 

Little Pine Creek and Hayes Run are entirely similar streaDii^ 
though much smaller. 

IVY RIVER. 

Ivy River, the next tributary, enters the French Broad from 
east, and is the principal tributary in North Carolina. It rises on tto] 
western slopes of the (ireat Craggy Mountains, near Yeates Knob^ 
the headwaters being at an elevation of about 5,000 fc^t, and flowi 
ill a gon(»ral westerly dinn'tion, joining the French Broad about JJ 
miles a])()ve Mai'shall, draining an area of 176 square miles. 

For about 3 miles above its mouth the valley of the river is very 
narn)w and the banks of the stream are st^ep, showing much exposed 
roek, but they are forested with a growth of considerable density. 
Above this .'i-mile stn^tch, although the gorge formation still persists 
for a considerable distance, the hills do not rise to so great heights, 
and the country beyond the summit of the bluffs is composed of » 
succession of hills and ridg(»s of moderati* height, very sharp topped, 
and inclosing narrow V-shaped valleys, the hillside slopes ranging 
from 10 to 30 degrees. A large part, of the area — i>erhaps 75 per 
(•(Mit — is cleared. It is probable that nearly 50 per cent of the whole 
area drained by Ivy River is either un<ler cultivation or is grass. 
Throughout this part of its course, or to beyond Grantville, the stream 
channel is very tortuous. 

As the stream is ascend(Ml the topography becomes less strongly 
markcMl and the country blotter fitted for agriculture and stock rais- 
ing, until a short distanc(» below Harnardsville the mountains begin 
again to encroach on the river and the cultivated lands are confined 
to the immediate valley of the stream. There is considerable tim- 
ber yet standing in the high mountains about the headwaters, much 
of it being inaccessible. 

Corundum lias been found near Democrat^ nickel stainings have 
been observed in the rocks at many \o('aY\\\^'A,».\i^%.N^vcw<^l^fc\\fe^s^^^^ 
of good quality crosses pari i)\' t\\e ba^\w. 
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The stream has a large fall thronghout its length, the average fall 
^^mile between its month and Barnardsville, at the junction of the 
*iB, being about 43 feet. It could be made to furnish iK)wer in 
•9^ amounts, but as yet very little has been done in that <lii*e(*tion. 
fcN)ut 1 mile above its month there is a fall of 6 feet in 2(M) feet, over 
dges of solid rock, the width of the stream being between OO and 70 



'^e most important power site on the stream is alK)ut 2 miles 
ifcove its mouth. Here Mr. W. B. Ellis, of Asheville, and others, 
kve planned a large power development, which is al)out half (*om- 
Qted. The plans include an arched masonry dam 05 feet in height, 
80 feet long on top, 60 feet wide at base, and 12 feet thick to the 
(•foot level. The race is to be 860 feet long from the dam to the 
iwer house, built partly in embankment and partly in open rock cut, 
ith 100 feet of tunnel and 250 feet of steel flume, whi(^h will carry 
le water to a pair of 22-inch turbines. It is stated that the tlow of 
16 stream will be sufficient, with proper storage, to devcloj) 2, (MX) 
JTsepower under a working head of 110 feet, the natural flow of the 
veam yielding 1,000 horsepower under that head. The power is to 
3 transmitted electrically to Asheville, Marshall, and other places at 
potential of 10,000 or 11,000 volts. During the autumn of 1!K)(), 
hen the plant was last visited, all work had been suspended, due 
krgely, it was rumored, to lack of water. 

On the basis of 1,000 horsepower developed continuously, the flow of 
le stream at this place is calculated as follows : It is safe to assume t hat 
le losses of energy in the wheels, dynamos, and in transmission will 
mount to at least 20 per cent of the total energy due to the water, 
Qd as it is the intention to deliver 1,000 horsepower at tlu^ end of the 
ransmission line, this will require of the stream a flow capable of 
eveloping 1,250 gross horsepower with a head of 110 feet, or 11.36 
ross horsepower per foot of fall. One second-foot of water falling 
foot will yield 0.1135 gross horsepower, so that in order to j)roduce 
1.36 gross horsepower per foot fall a flow of practically 100 cubic 
eet per second will be necessary, and during times of drought the 
tream does not carr}'^ that amount of water. When these notes were 
aade, in October, 1899, although the discharge could not be gaged, it 
i^as estimated to be not much more than 50 second-feet. When the 
ocality was visited in the fall of 1900, at a time when the stream was 
aid to be very low, the discharge was gaged a short distance above 
behead of the backwater from the dam and a flow of 41.72 second- 
eet was found. 

Just above the month of Little Ivy River there is a gristmill with 
n 8-foot dam, giving a fall of 10 feet, and at Democrat there is a 
iiailar milL 
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SANDTMUSH CREEK. 

The next tributary is Sandyiansh Creek, which joins the 
Bromi about 4 miles above the mouth of Ivy River. This creek 
on the northern slopes of the Newfound Mountains, in annmbor^ 
small creeks which have a general northerly or northeasterly 
Including Turkey Creek, which joins it near its mouth, it has a 
age area of 80 square miles. Near its mouth and for a considc 
distance upstream the ci'eek lies in a deep and narrow gorge, but 
ther up the valley widens very much and the topography becomes 
strongly marked over a large part, of the area. The high hills 
inclose the valley are rough and steep, most of them ranging from Uj 
30 degrees, but many of them being much steeper. The proj 
of cleared land is smaller than in the basin of ITurkey Creek, 
less than half of the whole area. Above the junction of Little 
mush Creek the area is entirely mountainous and forested, withl 
exception of small, narrow areas immediately along the stream. Fbi 
trees seem more numerous than heretofore noted, the character of w 
hard-wood growth remaining the same, also the agricultural prodiMM 
The soil is a fertile loam, the country rock a much laminated ad 
contorted gneiss. 

The sti*eam is said to have reached its minimum stage of flowdtf 
ing the fall of lO(K) (see measurements in table on page 128). Dunn) 
floods it is subject to violent rises of from G to 7 feet. 

Turkt/u Creek. — The valley of this tributary of Sandvmush Creel 
is very dilTerent in character from that of the main stream. Id pro 
portion U) its size its valley is broader than that of any stream ye 
described. The i)roportion of cleared land seems to be about 75 p6 
cent over the lower part of the basin, and is pi'obably 66 per cento 
the whole area. The topography is a succession of hills and ridp 
divided ])y ])r()ad valleys, and the hillside slopes are comparative! 
gentle. T\w soil is deei) and fertile. The country rock seems witt 
out exception a gneiss. At the time the stream was visited all of th 
land except that in corn was covered with grass, and this is true( 
all this section of country daring the fall and summer months. - 
large part of the area is planted in w^heat, and when that is harvest* 
grass quickly covers the land, remaining until seeding time eoin< 
again. 

Th(^ <»reek falls very low at times, reaching, it is said, its lowe 
stage in the fall of 19(H), and though subject to floods of 6^ to 7 fee 
these are rare and generally of short duration. 

FLAT CREEK. 

The next tributary is Flat Creek, which enters the French Broi 
from the east, about 1 mile below Alexander. It is a small strea 
rising on the western slope of the Flat Creek Mountains and drainiJ 
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broad and flat valley of considerable extent. The topography is in 
Xiad and low flattened hills and ridges, the hillside slopes 1)eing vi*ry 
mtle. Seemingly about two-thirds of the area is cleared land, Hl>out 
^«-half of it in grass and the other half chiefly in wheat, com, an<l 
^bicco. The soil appears deep and fertile. No exposed rocks werc« 
«n, though the basin iis underlain by gneiss or granite. The stream 
subject to i>eriods of very low flow, and during floods it riH4*s from 
te 6 feet at the mouth. 

REEMS, NEWFOUND, AND BEAVERDAM CREEKS. 

Beems Creek, the next tributary, enters the river from tlu.' east a 
iort distance above Alexander, and seems in every respi^ct similar 
» Flat Creek, just described. It was gaged at its mouth, with tho 
iBults given in the table on page 128. The maximum flood rise is 
*om 5 to G feet. 

Newfound Creek, entering the French Broad from the southwest, 
8es dose to the headwaters of Turkey Creek, near Turk(»y C-reek 
innacle, and in soil, topography, and general characteristics is a 
ffeam similar to Turkey Creek. 

Beaverdam Creek, entering the French Broad from \\w (»ast a sliort 
istance below Owenby, drains a long, narrow, and rather flat valloy 
mtaining a large proportion of cleared land, but it is a small and 
nimportAut stream. 

SALUDA RIVER. 

About 10 miles above Greenville, S. C, Saluda River is formed by 
le confluence of the North Saluda and the Middle Saluda. The 
outh Saluda, a stream nearly or quite as large as th(* two other 
3!eams combined, enters the Middle Saluda a few miles above the 
motion of the latter stream with the North Saluda. Th(» watershed 
f these three branches is defined by the North Carolina-South Caro- 
na boundary line, extending from the Greenville-Piek<Mis county 
ne in South Carolina to the western slope of Rocky Spur, 5 miU^s 
mtheast of Saluda, N. C, the total length being about 'U') miles and 
le drainage area estimated at about 380 square miles. The water- 
led includes the southern slopes of the Saluda Mountains and a por- 
on of the Blue Ridge. Below the junction of the three forks the 
ain stream flows in a general southeasterly direction through the 
ate of South Carolina, joining Broad River near Columbia, to form 
e Congaree. 

The steep slopes at the headwaters of the river are densely forested. 
It the valleys of even the smaller tributary streams have been 
sared. Oak and hemlock predominate, but pine and other timber 
e frequently intermingled. The trees are not in good condition, 
>wever, owing to frequent scars from fire and other destructive 
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agencies. The soil is largely composed of material derived from 
decomposition of granite and gneiss. In many parts of the basil 
has a thick layer of humus and is very fertile; in other part», 
ever, a clay is formed which is impervious to water and not 
suited to agriculture. The soil in the former places will not wit 
stand the a(*tion of flowing wat-er, and where the forests have beeni 
considerable washing of the top soil can be observed. Di the k 
part of the drainage basin the soil is sandy and is largely devoledl 
agriculture, the chief crops being cotton, sugar cane, and si 
potatoes. 

The Saluda is largely outside of the mountain region, it« 
waters only being on the slopes of the Blue Ridge. For this reason ill 
perhaps not of as great importance in the investigation of the proi 
Southern Appalachian Park as the streams which rise and flow 
many miles through the mountains. The preservation of the foi 
however, is of the greatest importance, owing to the nonresii 
characteir of the soil and the danger of heavy wash and floods. 

NORTH SALUDA RIVfiR. 

This stream rises on the western slope of Rocky Spur and Hogbaflk 
Mountain, at an elevation of 2,600 feet. It is 25 miles long and flow 
in a g(?nerHl southwesterly direction, joining the Middle Saluda abort 

'i miles ])cl()\v tlie confluence of that stream with the South Saluda. 
The elevation at th(» junction is about I) SO feet. The average fall per 
mile is tli(M-efon» about r»5 feet. Most of this fall, however, is on the 
upper portion of the stream, the average fall j>er mile for a distance 
of 20 miles above the mouth of the North Saluda being only about 25 
fec^t. 

Around the headwaters of the stream about 15 per cent of the wate^ 
shed has been cleared. The western sides of Rocky Spur, Hoglwick 
Mountain, and (irlassy Mountain and the eastern slopes of the Saluda 
Mountains have been very little cleared, while the southern slopes of 
the latt<'r mountains are especially well wooded. No lumberiug is 
being done in this section, and the land cleared for farming purposes 
is proportionately small. As a natural consequence of its forest^ 
l)asin the waters of the stream are never very nunldy, although they 
are sai<l to contain more s<»dim(»nt than either the Middle Saluda or 
the South Saluda. 

After leaving the mountains the tlood plain of the river bi'oadens, 
and the wide, flat bottoms are given up largely to agricult nn^ the 
chief crop being corn, although considerable cotton is raised. Dif^- 
charge nieasuremc^nts were taken on the North Saluda 2 miles below 
Humph ries's store, at Lima, and at Marietta, with the results given 
in the table on page 138. The river has an average annual fluctuation 
of 20 feet. 
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^ Fall Creek, a small tributary flowing into the North Saluda about 
'Midway between Humphries's store and Lima, has a fall of about 120 
; Ib^ to the mile and a mean discharge of 6 or 8 second-feet. 

MIDDLE SALUDA RIVEB. 

^ The Middle Saluda rises in Jones Gap, in the Blue Ridge, on the 
^ Korth Carolina-South Carolina boundary line, at an elevation of 3,000 
^ileet. Its total length is about 20 miles; the elevation at its mouth 
r 990 feet. It has an average fall of 100 feet to the mile, but, as in the 
ease of the North Saluda, the fall is much greater in its upper portion 
[^ than in its lower course, the average fall for 10 miles above its mouth 
j^ being only 11. G feet per mile. 

r The drainage conditions affecting the flow of the stream are similar 
'^ to those of the North Saluda. Its flood plain is quite broad below 
1 Biverview and is under cultivation. The soil in the river bottoms is 
^ rich and loamy and black in color, while the hills are covered with a 
deep, rather rich, light-red soil. A large amount of cotton is raised 
ftround Marietta, and below that place cotton constitutors the chief 
. crop. 

^ The water power is better than that of the North Saluda. The 
Cleveland mill, on Mill Creek, a tributary from the east, is a small 
1; lawmill and gristmill having a working head of about 1 2 feet. Below 
f it shoals are quite frequent on the main stream. Opposite Marietta 
there is a shoal a half mile long, called Long Shoal. The fall is pos- 
sibly 10 feet in 200 feet. Two miles below the Long Shoal there is a 
sawmill and gristmill having a dam about 6 feet high and a working 
lead of 12 or 15 feet. The average annual fluctuation of the Middle 
Saluda is 9 feet. 

SOUTH SALUDA RIVER. 

This branch has a total length of 30 miles. It rises just behind 
Knnaele Mountain, at an elevation of 2,700 fc^et. Th<» difference in 
elevation between its head and mouth is 1,720 feet, the average fall 
per mile 57 feet. It has one large tributary, viz, Oolenoy (sometimes 
called niinois) Creek, a stream about 10 miles long, with an average 
fell of 30 feet to the mile below Suniiydale. It has wide and fertile 
bottom lands, planted chiefly in corn. The upper watersheds of 
both South Saluda River and Oolenoy Creek have been practically 
untouched by the woodman's ax. 

The only fall observed on the South Saluda was 8 miles west of the 

Cleveland mill, just below the bend in the stream. The fall there is 

30 feet in 100 feet, but the building space is rather cramped. The 

flood plain of the river varies in width from 50 to 200 yards, and the 

soil is deep and rich. 

The scenic features of the region surrounding t^e headwaters of 
the South Saluda. and the Middle Saluda are i-emarkably striking. 
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Th(' Hontlierii slopes of the Blue Ridge are very steep. Table Rock, 
a iiioiiiitain with an elevation of 3,157 feet, is surrounded by an escwp- 
nient of ban!« n>ck on all sides except one, and presents a very forlnd- 
(lin^ appearan<*e. There is a jKipular summer resort, owned If 
Furman Tniversity, on Caesars Head Mountain. 

DISCHARGE MEASUREMENTS. 

During the investigation measurements were made of the 
Saluda, tlie South Saluda, the Middle Saluda, and Fall Creek, M 
shown in the following table. A gaging station has been maintained 
on the main river at Waterloo, S. C, since August 30, 1896, tka 
results obtained being published in the subsequent annual reports o( 
the Survey. 



Diactiarge metumremenU of Saluda River and tributaries. 



Dat«^ 



stream. 



Locality. 



VMM. 
May :M Saluda River 



Greenville. S.O. 



Sept. 7 Si »uth S a 1 a d a Freeman Bridse. below moath of 

Rivor. Middle Saluda River. 
Oct. 14 do , do 



IMil. 
May :J do 



do 



St'pt. 7 



... (lu , 2 miles alx)ve mouth of Middle 

Saluda River. 
— do , do 



imu. 
May :J do 



.do 



Sept. 7 
Oct. i;j 



M iddlo Saluda 1 milo a))ovo mouth 

River. 
do do 



iwn. 

May '2 do 



• ■ I 



....do 



1«I0. 
St'pt. 7 



Oct. 13 do 

May 3 do 



North Saluda Iron bridge at Marietta 

River. 

do 



do 



IWW. ' , 

Sept. « do Bridf^o on Lima-rievoland Mill 

' road. 

Do...' do ' 2 inileH bolow Humphries's store. 

Do. . Fall (?reek ' Bridge ou road t4> Lima 



Hydroffrapher. 



beigu^vteria 



N.C. Curtis. 



.do 
.do 



E. W.Myers 

N.C.Curtis. 
.....do 



E.W.Myers 

N. C. Curtis. 
.....do 



11.75 



E. W. Myers 



10.3 



1 



N.C. Curtis ' 14.7 

do 14.17 



E.W.Myers ] 13.5 



N.C. Curtis 15.9 



1 



do 
do 



14.3 



Frrt IAkA 
34.5 iLfllff 



14.1 
14.1 

13.4 

0.0 
6,0 



4i.l 

Ifi.9 
131.1 

sal 

ttO 
55.9 

sao 

16S.0 
511 

&1 

•15.0 



• RKtimatcKl. 

NoTK.- lu making the metisurements recorded in the above table bench marks were e*t»^ 
liHhed and measurements were made, by means of a steol tape, of the distance from the bend* 
mark to the Hnrfaee of the wat^r. An inerettse in the gago height, therefore, means a loweriuf 
of the water .Hurfa<re and a correspondin^r dcKiroase in the discharge of the stream, the reverww 
the resnlts at the regular .Htations of the Survey, where jniges are installed and where an incress^ 
in the gage height represents an increano in the discliargo of the stream. 
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BROAD RIVER. 
PHYSICAL FEATURES. 

Broad River rises on the eastern slope of the Blue Rid|2:e, in Mc- 
>owell County, N. C, between the Swannanoa and the Edmondson 
lountains. It flows in a southwesterly direction through Hickory 
Tut Gap (see PL XXXIII), until it is joined by Green River, when it 
lends to the east and maintains that course for about 20 miles. After 
l» is joined by the First Broad it turns abruptly to the south and 
losses the North Carolina boundary line near Shelby. The river 
Old its tributaries were examined as far down as Dellinger, S. C, 
bbont 1 mile from the State boundary line. Its drainage area in 
i^orth Carolina includes portions of Henderson, Polk, Rutherford, 
HcDowell, and Cleveland counties, and aggregates 1,400 square miles. 
[tB total drainage area is 4,950 square miles. 

Three important branch streams contribute their waters to those of 

Broad River, two entering from the north, called First Broad and 

Second Broad, and the other entering from the west and known as 

Green River. These streams drain an area of the Blue Ridge and 

adjacent ridges extending to the State l)oundaiy line in Henderson 

County to and including the south side of the South Mountains in 

Rutherford and Clexelaud counties. Pool Creek, a small branch 

from the south, discharging 6 or 8 cubic feet per second, is interesting 

on account of the pools which have been formed through the action of 

the water. There are three of these pools, each resembling a huge 

auger hole 6 feet in diameter. No definite information was obtainable 

w to their depths. Buffalo Creek, a small stream rising on the east 

ttdeof the Bald Mountains and entering Broad River from the north, 

has a wide flood plain near its mouth and an average rise of feet. 

Just above Ayr it is said to have a fall of 30 feet. This stream was 

not visited. 

After leaving Batcave, where it is joined by Hickory Nut Creek (a 
^ical headwater tributary shown in PI. XXXIV), Broad River flows 
for 6 miles through a gorge which is justly famous for the grandeur 
of its scener}'' and the number of interesting natural curiosities. The 
mountains rise abruptly on either side to a height of 200 feet above 
the stream bed, and for about three-fourths of the way up are clothed 
^ith a thick forest growth. The upper side of each slope is guarded 
oy an escarpment of granite absolutely bare of all verdure. This wall 
of Pock varies in height from 200 to 1,000 feet. On the northeast cor- 
'^^J'of Sugarloaf Mountain and overlooking the gorge is a perpen- 
dicular mass of rock called Chimney Rock, which is detached from 
^"^ face of the mountain and stands a massive silhouette against the 
^ky. Its greatest height is 213 feet, its diameter at the summit 60 
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feet. The top of the rook i» reaohed by a wooclpn stairway. A halt I 
mile directly west of Chiinney Book are the fallii of Fall Cr^k. wliiA I 
are said to have a sheer drop of serenU hmxlrtHl foct, but. ibiMinutl 
tity of water is insafflcient for water power. Ou the k-ft t>aiik(^Jkl 
river is a mountaio known as Old Rambling; ISald. 

Tlie rej^oD possesses a great variety of soeniL- and a^n^cnltoalLl 
tures. The soil is generally loose and poruus. The lif>adw 
Itroad and Green rivers rise among the high p^-aks of rhi' Bloa fl 
and after winding their way through gaps nml ^nvi-:^ rinallyn 
and flow through a region of low, rolling liilU. Therv i 
bottom land along any of the larger tribntariuti. The <iti)y e 
stretches obBer%-ed were along the lower portions of Whiteoafcli 
and Cove Creek. The entire region is ver>- healthy. TIte t 
eaot of the Blue Ridge, including the watenshotl and the d 
Imsin of Broad and Green rivers. Is fair for farming purpoxea, H 
the 8oil is not especially rich. The oUef crops in this section ai 
to be com and wheat. 

RAurrAUi. 

The rainfall in the basin of Broad River in apiiroximatcly SI ini-bt^ 
diutributed throughout the year as follows: spiring, 13 inRbm; sum 
iner, \li inches; autumn, 10 inches; and winter, IS inches. TIiiliM|k 
fall in the n.>^ion alxivt* the headwaters is, however, pi-obablynS 
jri-oatiT tluui thU. TIii> Iwd <if the stream is of rock, flay, saail,* 
p'Hvi-l, but in many places the banks are low and tho buttonsirt 
overflowed during fi-esbeta. ■ 



Tli«? timbered areas are comparatively stiiHll. Very little oleartng 
has been done itroimd the headwaters of eitluT Broad River or Oiwn 
Kiver. The drainage ImHins of the Broad proju'r, the First Broad, 
and the Second liroad contain little valuable timber. For 2 uila 
atjove Batcave the land has been conHiderably cleared for farmini^ 
eorn l>eing the chief crop. The upper watershed of lloedy l^iloli 
(Veek ha» l>een entirely cleartHl, and extensive clearing hfui lieendoiif 
ai-ound the heads of Covo, Maple, and Mount^iin creeks. 



Tlie mineral wealth of the Broad River region is oonsideraUe. 
Unposits of gold are found about the headwaters of the First Broad, 
the Second Broad, and Silver and Muddj' creeks, and these have 
tjeen worketl in a crude way since 1830. Several mines are also 
being worked on the flanks of the South Mountains, the ore being a 
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ry good grade of sulphuret. Here the famous Bechtler dollar wan 
merly coined. Monazite is extensively mined and shipped to the 
ffli and to foreign countries. Copper, corundum, and tin are 
eong the minerals obtained. 

DISCHARGE MEASUREMENTS. 

[hiring the investigation two gaging stations were established on 
oad River, one at Dellinger, S. C, and the other near Alston, S. C, 
d measTirementh were made at these stations and at other pla<*es on 
b main river, as shown in the following table. Measurements of 
e tributarj^ streams are given in the table on page 143. 

Discharge mecuurementa of Broad River, 



lite. 



Locality. 



IIQOl 
ib.» ! 
fr.l8 
pr.20 
m 23 

tif 5 
18.17 

HOI. 
by 7 

mo. 

•ct 18 

1»1. 
^. 9 

5t 6 

*n. 

IR-IO 
800. 

t. 6 



Near Alston, S.C 

...-do 

do 

....do 

do 

....do 



Near Blacksbnrg, S. C. 



At Dellinger, 8. C 

Ford 1 mile above month of Second 
Broad River, North Carolina. 

McClnre'a bridge. North Carolina 

do 



do. 



Near month of BnflUo Creek, North 

Carolina. 
do 



Near Chimney Rock.N. C. 



Bridge at Batcave, N. C. 



do 



Hydr<^rapher. 



E. W. Myers 

do 

do 

.....do 

do 

do 



do 



....do 

H.A.Pressey 



N.C.Cnrtis 
do 



.do 

.do 
.do 

.do 



do 

do 

.do 



OafiTO 

leiKht. 



heig 



F>et 

6.28 

13. 0U 

3.40 

4.25 

2.80 



2. SO 



0.80 
6.05 

28.43 
22.67 



20.8 

15.2 
14.50 

14.1 



10.15 
10.45 



DiH- 
charge. 

Sec. -ft. 
K. 913.0 

"44." 456.6 
4, 406. 
5.1Ht.M) 
2,840.0 



2,418.0 



1,430.0 
649.0 

220.0 
434.0 



683.5 

57.1 
145.4 

247.6 



60.1 
48.0 
62.4 



*^OTE.— At regalar stations of the Geological Survey gages are installed by which the rise of 
- river is measured, an increase in the gage height representing an increase in the discharge 
the stream, lliis is tme of all the measurements in the above table except those made near 
^ton and at Dellinger, where bench marks were established and measurements were made, by 
^^^ns of a steel tape, of the distance from the bench mark to the surface of the water. In the 
't«r case, therefore, an increase in the gage height means a lowering of the water surface 
^ a corresponding decrease in the dischai^re of the stream. 

The average annual fluctuation of the river at its mouth and near 
uffalo Creek is 10 feet; at Batcave it is 8 feet. 
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Broad River rises at an elevation of 3,100 feet. The 
the junction of Broad and Green rivers is about 7S0 feet 
length of this portion of the stream is aboat 40 miles an 
enee in elevation a, 320 feet, making the average fall per 
The average fall per mile from its head to its junction w 
Nut Creek, at Bat<iave, is 125 feel. From Bateave to 
Iwlow the mouth of Pool Creek the fall is also 12o feet p 
from that point to the mouth of Green River the fall is o 
the mile. As far down as Batcave the stream has a fl 
alM}ut 75 yards average width, with no very steep slop 
side. Hickory Nut Ci-eek, a aniall stream entering th 
alKive the mouth of Reedy Patch Creek, has an averag 
feet per mile, and the latter stream a fall of 150 feet per 

The water power of the upper section of the river is e: 
lias heeu very little developed. Rock ledges are numeroi 
nf H feet in 100 feet frequently occur. The only obstacle is 
of good building sites. There are three mills between '. 
Pool Creek, each having a working head of about 10 feet 

The distance between Poors Ford and Dellinger is 25 
water powers, descending the stream, are, briefly, as foUi 
Island Ford Shoals, 1^ miles below Poors Ford, having a 
of 3 feet and a slope of pi-obably 6 or 7 feet in iOO yardi 
rock bottom and natural abutments; {2) Durham She 
below the mouth of Second Broad River, with a vertical f 
which could l)e increased to 12 feet at the wheel, and wi 
foundations for a dam and building; (S) Palmers ShoaLs, 
the mouth of First Broad River, with a fall of about 18 f( 
mile (the south bank at these shoals is nearly level, h 
cliff jut« out prominently on the north bank); and (■!) 
lUaaton shoals, where the river makes a horseshoe bt 
liifference in elevation across the neck is said to be 30 fet 
shoal on the lower side of the neck being known as the H 
and the one on the upper side as the Blanton Shoal. 
IKiwor could be developed by piercing the neck of th© 
damming the water at the Blantou Shoal. 
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TRIBUTARIES OF BROAD RIVER. 



DISCHARGE MEASUREMENTS. 



he investigation the following niensureinentH were ina<le of 
al tributaries of Broad River, in onler npstreani ; 

Discharge mecuurements of tHbutarien of Broad River, 



leRlTer. 
River . . 
»t River. 



Locality. 



.! areenville.S.C 

j 14 miles east of Qreenrille. 
I Clifton,8.C 



3raad River 



B Creek.... 
"SOUS Creek 

IS Creek 

yCreek...- 
.Jreek ...... 

d Broad 
jr. 



K>ak Creek. 

>eek 

I River 



Near moo th 

do 

do 

At mouth 

do 

....do 

1 mile above month 

Bridf^ on Rntherfordton-Mor- 

ganton road. 
....do 



Iron bridge near Boetic Station 



Hydrographer. 



N. C. Cnrtls 

do 

do 



beiKnt.-oharKe. 

Frtt. ,S*-r.ft. 

7.7 , \mi\ 

If*. A > 174.0 

i:). 1 I mil) 



do 
.do 

do 

do 
.do 
.do 

do 
.do 



17.7 

16.:; 
i;. 70 



do 



5.H 
5. 4.) 

7.;k 

7.00 



.do ZVi^i 



I 



U miles east of Forest City , do 

do I do 

One- half mile above month do 

Near month , do 

Near Saluda, on Howard Qap road do 

Cox's bridge do 

do do 



Creek 

tain Creek. 



Creek. 



oCreek 

f Patch 

»k. 

>ry Nut 

}k. 



do do 

Near mouth 1 do 



do 
do 



Bridge at Rntherfordton road 



r 



15 yards below main ford. 
At month 



do 



.do 
.do 
.do 
.do 
do 
do 

.do 



30.8 
4.(15 
17.7 



21.0 
7.70 
6.83 
6.4K 
18. «5 
18. Its 
4.10 
5.75 

4.80 



10.11 
24.0 
II :( 
42.0 
17.0 
55.0 

(» 



27:j.;{ 



15.').:) 

iw.a 

«V4.0 

IJ» 2 

74 1 

2J*1» 

2V). 4 



83:<.2 

M.4 

55. :j 
70.2 
60.3 

8rt.o 

17.0 
13.0 

15.2 



king the measurements recorded in the above table bench marks were estal)- 
lurements were made, by means of a steel tape, of the di»tanr*o from the liench 
face of the water. An increase in the gage height, therefore, means a lowering 
rfaoe and a corresponding decrease in the dincharge of the stream, the reverse 
t the regular stations of the Survey, where gagoH are installed and where an 
^rago height represents an increase in the discharge of the scream. 

icriptions of the drainage basins and water powers of the 
it tributaries are given on the following pages. 

FIRST BROAD RIVER. 



Qtary rises on the southern slopes of the South Mountains, 
hern part of Cleveland and Rutherford counties, N. C, 
I south joins Broad River about 8 miles south of Shelby, 
rains an area of 302 square mWes. T\v^ 1«J\ >Qfc\w^fcTL t»lL<^ 
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erofl8in>r of the railmad from Shelby to Riitherfordtonandthemoi 
of the stream is about 105 feet, or at the rate of 8 feet peri 
The wi<lth of the stream at its mouth is about 90 feet. 

The water powers on the First Broad are as follows: Ten milesM 
of Shelby and 3 miles north of the Double Shoals, where isloa 
Cleveland cotton mill No. 2, which contains 4,224 spindles vai 
run by wat«r power exclusively, a fall of 13 feet being utOb 
At the Double Shoals there is a cotton factory which contaiDS % 
spindles run by water jwwer. The dam is 9 feet high, giving at 
fall of 15 feet, lliree miles southwest of Shelby are the Lannj 
cotton mills, containing 3,500 spindles operated entirely by v 
I)ower. The dam is 14 f<»et high and 200 feet long, the faU of w 
at the mill 15 feet. Chambers's gristmill, still farther downstn 
utilizes a fall of 9 feet, though more is available — ^the stream at 
point will probably afford 7 or 8 horsepower per foot of fall ii 
low season of dry years. Stices's Shoal, about 4 miles from 
mouth of the river, has a natural fall of 6 feet in a distance < 
feet over a snuwth rock l)ed, with considerable fall below. B; 
c<mstruction of a dam across the upper part of this shoal th( 
could be increased still more. The Buck McSwain Shoal isal) 
mile alK)ve the mouth of the river, and has a natural fall of 3 i 
150 yards. 

SECOND BROAD RIVER. 

This stream rises on the southorn slopes of the South Mountai 
McDowell County, N. C, alK)ut 10 miles directly south of Mario 
flows in a southerly direction, meeting Broad River about 8 
b<»low the confluence of Hroad and Green rivers. It drains an a 
103 scjuare miles, and has a total length of about 50 miles. The 
tion of its headwat<M*s is 1,500 feet, of its mouth about 700 feet, { 
an averaji:e fall per mile* of 10 feet. 

Comparatively little clearing has l>een done around the head^ 
of either Second Hroad River or Cove Creek, a tributary of '. 
River which ris(\s near the Second Broad and drains a considt 
pcn-tion of the southern slopes of the South Mountains. The p 
ti(m of cleanMl land here is estimated to ])e about 10 per cent< 
entire area. Lower down, ho\vever, along Cathey and Rolx 
creeks, the amount of cleared land is much greater, probably 5C 
I)er cent of the wiiole. After leaving the South Mountains the 
flows through a region of low, rolling foothills. The timl)en^d 
are thinly covered, the tre(\s being chiefly pines and scrub oaks, 
soil is rather compact, of a light-yellow color, and not partio 
rich, and permits fairly good roads to ])e constructed without 
difticulty. 

Rutherfordton, the county seat of Rutherford County, al 
miles west of th<* Second Hroad, is on the western boundary < 

'^n Mt. Tlie fanning lands ot C\v^\vAvv\\v\ Cc\>\\\lYaud the e; 
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of Rutherfoni County are mainly devoted to th«* proiliiotion of 
»n. Some sorghum cane also is raised, and the fanners usually 
t> enough molasses for their own consumption. As the heail wat<*rs 
e Second Broad and Cove Creek are approa<*h«Hi the soil inen*as4*s 
jrtility. The Cove Creek Bottoms are especially a4lapt4Nl to tin* 
uction of corn, and along the slopes of the S<aith Mountains 
ixo is easily grown. The climate of the region is salubrious, 
very little sickness prevails at any season of the year. 
le waters of the First Broad and the Second Bnmd an» never 
•, even after protracted droughts, but are a sort of light-brown or 
w-ochre color. This is due to the character of the soil and to tin* 
asive clearing which the watershe<ls have undiTgcme. The IhmIs 
>th streams are sandy except where rock shoals oc<*ur. 
lere are four cotton mills in operation in the Second Broa<i Kiver 
>n. The motive power of two of them is suppll<Ml by steam and 
e other two by water. One of the steam mills is at Rutherfordtou 
the other at Forest City. The two water-jMiwer mills an* known 
enrietta No. 1 and Henrietta No. 2. The fomi«»r is r» niil«*s alM)ve 
nonth of the river, at High Shoals, the latter a]H)ut 7 miles a])ov<* 
Qouth, at Caroleen. Both factories are connected with th<» Sea- 
i Air Line Railroad by branch lines. Henrietta mill No. 2 (m»<mi- 
the shoals formerly known as Harn»lls Shoals an<l Ohi Burnt 
3Ty Shoals. A masonry dam about 24 feet in height giv(»s a fall 
e wheel of 29 feet. The natural fall of the shoals is is f(»et. 
mill contains 35,(X)0 spindles and 1,(KK) looms. At Henrietta mill 
I the natural fall is 23 feet, but a stone dam, slightly curving 
ream, 17.8 feet high, gives a fall at the wheel of 32 fe<'t. This 
is 200 feet long. The race is 3rK) feet long, 35 feet wide, and U) 
deep. The mill operates 25,0(X) spindles and 1,(HH) looms. Both 
>rie8 have auxiliary steam plants, and seem to have been extremely 
Bssful and profitable to their owners. The cotton used is raised 
e immediate vicinity and hauled to the mills on wagons. About 
les from the mouth of the river the stream makes a long curve, 
hillsides closing in very close to either bank. A site has lx?en 
eyed here for a large mill, and land has been cleared and con- 
jtion begun. The natural fall between this site and Henrietta 
No. 1 is about 40 feet. A dam 23 feet high is to \ye built. No 
is to be constructed, but the wheels are to be located at the dam. 
fall below the shoals is abrupt for a short distance, and the waste 
r will flow off readily. The building site is fairly good. This 
will destroy the water power of Tumbling Shoals, 3 miles above 
nouth of the river. 

GREEN RIVER. 

•een River arises in Henderson County, near the Transylvania 
ity boundary line, on the northwestern slopes of the Saluda Moun- 

iRR 63—02 4 
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tiiiri.s. Till- flf'vution «r itH lieHdwatvrs i» 2,iMK) U^t, of its moinlij 
f»M'l. lilt' iii(r<-n'iic«' ill rlfVHtioH Iwing :;,lii» feet. The total 
tilt' i-ivtT is tilMtiii i't iiiilfK. iiiakin;; the nverH^ ThII |wr mf!» 
fci't. Till- ili:>t»ti<-(' fn)iu its head to the ]M)iiil n-ii<^tri^> il cni«i 
l)i« Itliic H\>\iif is 'J'-i iiiih>s, nnd the dilTen-nui' in olevation 
t!H> twti poiiiiM t.stx) ffft. innkinf; the average fall per ni 
sci-tiiiii 7-s fiH'i. Thf Ifiitclh i)f the n-maining Hection iaii 
tlii- ililTcn-iii'i' ill etoviilioii :L'i) feet, making the aveiNtge fitll 
fiiily |."i fi'i't. The <lmiii(i):<- iima i« 1!I8 square mile^ .• 

Ali.iiBthi- iipiHT iMii-tidii t»r the river the motinlMiti »tlui»«-!i ahal ra 
very rliNie, aii'l the tiiiilxT cm the walerHheds is pmctieHlIy iintoodiol. 
('iiiisfi[iieiitly the How of the strettiii ih eoiiRtant: and the WHli?rftJn» 
el('iu-aiid<-(ild. Theswnery up (Jreeii KiverCovo and arrniuil SWwli 
whih> 1>eHiitifiil is not re in ark ably grand. The two ino«t ctiiLipdeiNiif 
iiiDiiutaiii iii-iik.san' Whili>iiak and Tryon, The lati^tr hatt an Hevali.n] 
iif ahiwt :i.iit»> ft-et. 

Iti-twit-ii /iiviiiiia and th<- nimith of Cove Cre«-k Uie river flonviui 
uarniw u<ir;r<'. The wmUt jMiwer of ihin seciioti Is excelkntt *>°' 
hiiililiiig sites are s<-aree. The two wat«r powers which are MOffil- 
eii-il iunoiig the Itt-sl on the stn-aiii were visited. The flnt(^t'tJHK| 
thi' l>(it Sh'Mils, is alMiut J miles Itelow the Southern Kaflmif Iti^m I 
The full etmsists 'if a dn>p of K feet and a total Call of posvdtily^ I«r> 
ill liKi feet. 'I'hi'i-i' is a fairly jrood site for a huiUlin^ here and eio- 
leiil r'jtcilitics (>'<• (■(nislriH-liiifr a diiin. The jicxl [jower ii* at Thr 
Niiirous. filxiiit I tiiili's Ih-Iow Die I'cit Shoals. Here the SttMBl » 
fi>i-<-<-il lit ]tas.i iliriiii^'li II iiarniw iuid riteky ehannel 7 feel iff^Vid 
.MMV.-1 Umii. Tli<-l'al1isalH)iit in f,.(.i. in LiK) f<>et. Building i^li«t 
an- ]iiM>r. Aiiolh'-r |)ow<>i- i>ii the river, known as the falls qF^WWl 
Hiv<-r. i> not so wi'l] lo.at'il as aiv the i'ot Shoals. Here "tbflllfUit 
alioiii ;ii' tVit iti liHi iii-i, |in'cede<l hy nipids for three-eightteStf * 
iiiii<'. iiiakiti^'a loial tall ol' (■'> feet. The Imnks are ro<>ky SUUMIT 
sli'<'i). so Ihiit liuil<liii^' I'ai'ilitLi-s ai-e not g<H>i1." On tbenll^UM 
uaiiT |t>mi-rs of Cn-i-ii Kivcr are ItetbT tlian those of the iffft 
nroa'l, hut lli<-y an- iml so ai-<-<-ssil>ie, and the building sites anpQo' 
Till- avi'iatri' annua) llni-1nalioii of the river at it« month is U fp^t; 
iL.-ai-Sa!iiila ir is ;i tVW. 

Til.- iK-altliliiliM'ssof ihrllri'en Rivi-r re(;ion is imexoelled. S«hi>b 
ami Trycin. siliiali-d on ili.- .\sln- villi- and Spartanburg division oflfe 
SoiiiIlitil Kailway, an- |"ipiilar siiinnn-r and winl4'r resorts. 

»iri-al i\|)i-ilalioiL> an- I'nli-t'laini'il i»f the deposits of zircon Int'i* , 
vallry ol"<;r.-.-n liivrr. 

Till- siili' sii-i-aitis Miirtin-; into (in-eii Kiver are mostly short, bnl 
have hi-avy lalls. Whilcrtak fn-i-k is the only tributary of ^mI»^ 
lani-i-. Its fall. Ilowcvci-, is sniiill. 1ml it has a very wide flood plain. 
Tlir bottom land is wi'll cnUivmi-a.nu.sUy in eorii. The soil is lomnv 
/nil! rich, 'i'tu- JiveijiiJ:'' UiW \» •a\»>«V \-i IwV V.^ 'i^va \sa»-, *« »N*.oiSf 
■<iinii!il /riK-dialioii 111 feet. - 
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CATAWBA RIVER. 
PHYSICAL FEATURES. 

ifi river rises near the Buncombe and McDowell county line in 
1 Carolina, and flows almost due east through McDowell and 
e counties and between Alexander and Catawba counties, where 
Tis to the south and finally enters South Carolina near the Meck- 
irg-Gaston-York county line. After a course of about 160 miles 
uth Carolina it joins the Congaree to form the Santee. Below 
louth of Big Wateree Creek the river is known as Wateree River, 
rainage area in North Carolina is 3,085 square miles. Its total 
lage area is 5,225 square miles. 

e Catawba receives its headwaters from the southeastern slopes of 
^lue Ridge, the main stream rising at the junction of the latter 
itains with a spur known as the Edmondson Mountains. At 
)rt the waters of Mill Creek, with its branch, Jarrett Creek, are 
d to the Catawba, forming a river of considerable size. The 
lage basins of these streams are decidedly mountainous, with 
», wooded slopes. The streams are swift mountain torrents, with 

falls and great fluctuations of discharge. The ffow at times of 
Bv^ater, however, is fairly large. On Catawba River above Old- 
shere are precipices many feet in height, over which the river 
^es in its descent toward the Piedmont Plain. (See PI. XXXV.) 
e first 6 miles of its course the river falls 1,500 feet. Below Old- 
bhe character of the drainage basin changes, becoming very like 
of the Yadkin, described on pages 158 to 104. The valley broad- 
)ut, especially on the south side of the river, the land immedi- 

contiguous to the stream being flat or gently rolling. The Blue 
:e is not far distant, however, extending to the northeast, with 
lent ridges projecting toward the Catawba, between which flow 
tumerous northern branches of the stream. The tributaries from 
Qorth are Curtis, Crib, Clear, and Buck creeks. North Fork, 
ly Creek, Linville River, Cane Creek, Upper Creek, John River, 
Lower Creek. These streams for the most part receive their 
rs from either the Blue Ridge or the Linville mountains, and in 
• upper courses run between parallel ridges with steep slopes 
ily wooded. La their lower courses they reach the Piedmont 
n, where the fall becomes less and their valleys more open, l)eing 
»rally cultivated to some extent. 

le river receives several tributaries from the south between the 
ce of the stream and Morganton. The chief of these are Crooked 
)k. Muddy Creek, and Silver Creek, meandering, comparatively 
-flowing streams, with a large part of their drainage areas under 
Lvation. 
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Tli«>n-ifiiiiiiiiss](ii<t'(ir(lii>ilrniimf;(>l>a.sin(irCatawl)H Rivi-reitM 
iHily from its li<>]itlw]it<-i>i to Morpiiit'iii, X. C, thai Ixrin;; tlieportl 
of ;;rcnt<'st iiilcn'xl in coniHH'tioii with tli4* Mtutjiv»i nf tlie 
Si)iilhcrii Ap[iiilfichUiri I'tirk. IJrlow Morganton Ihe river n'ceii'aij 
iiiiiiiIht <ir liir;;<- Iriliiitiirit^ hikI Huh many wAter powers in its « 
ari-oss till* E'icilru'iiit I'laiii, but thvy wt'rc not visited. 

RAINFALL. 

Thi>iiv<-r;t^<- r.-iinfiil'i tii th<- Itasinor the Catawba is a 
(listi-iliiil'-d it> follows; S]iriii};, I:! iiK-lif»t; sammer, 14 inebCB^ 
lu iiiclii's; iiikI n'iiit<>r, 14 iiichcK. Toward the Upper |' 
Ktii-iiiri, Ikiwi-vci-, i1h> miiifiill in winter inrmnnm, and Jfi 
;;rc;it<T tliitu in suniiiHT. 

FORESTS. 

Tli<-n-}:iiin of tlio livadwatt'i-H of the Catawba and it« dilef h 
whi<-h l!<iw fi-oni thf st<>t>]) hIoih's of the Blue Rid|{e, is heavilytv- 
i-sti-il. \i tlif foot <if till- nioiintHinH the timber t 
jioplar. linn, oak. iind ash. chanji^ing to pines as the I 
tisci'uili-c|, anil near I hi> sumniilK to linliwni flr. In the broacLlsJ 
t)ii> main stream a lar^' part of tlto land ha» been cleared a 
nsi'd for :i;rrirnlt nral pnr|Misi<s. The soil isdiH>p and fertile, the tupwil 
In-ill- l;it-;;cly II...h| d.'pcwils nf ilic i-ivcr. Wlii'n tho fi.ri-sl.s are i'l<>;ir¥d 
fn>iii I 111- iia-ii". <if ilii' f.1<-i'P''r rinxiiitnin sliijx-s ootisidi^i-al)]e diflii'ultj' 
i> .-\|nTi<Tic.'i| Iriiiii Mil- wasliiiit; away "f llii- top soil, leaving onlj 
till- liinri-ii siiliMiil i.r ilii.v i"'in-:iih. Tliis wiush is often so extensive 
as 111 i-.inipl.'lrly d.-sl iny ljiri:r an-as of land. PI. XXXVI showsthe 
iH'i-i'I of di'lim-silii^ aii-jis whii-li can nut pniperly bo protected frum 
this au'i'ni'V. 

■nii'l.:iiiks..rili..('atawlia ait- siil»,iei*l to overflow duriuK the highest 
tli"'il>, mid :;ri-;il ilaniii;:"' is nl'li-ii i-aiis<-d. Il is not. iincoinmou fori : 
liiii' sli'cii'li iif riirinin^ land lo 1i<- i-ompli'toly rnine<l in a singled*T 
l.y llie lii;rli wai.is M;i-liiii^' awiiy llii- soil down t<» the liottom olsy»or 
jfiav.-ls. (S..i- I'l. WWII, .1.) It lias U'en e.stiinated thatintlit 
draiiia.u'i' iiasiii of ili<< Catawlia a sini;1i- Hood liaH i-iin.sed damage tOtlK 
.'M.-nti.laniilli.iii.li.llais. (S,-,- I'l. XXXVII, B.) Tiiat Aese IW' 
aiv i-li.-.-kt'il til >.iaH- -xii'iii iiy ilie foiTsts there own be no douU;U<^ 
ill Ilii> alis>'iii-<' of Dtliii- i'i>;>:nliii<)rs. siicli as lakes or marshes, thefor- 
I'sis nil till' iiioiinliiiii sides fiirni tlie only proteetion that the pec^ 
dwellin^r it] ilie valli'ys lii'low liavi- from llie violence of flood« 

ihsi-iiaui:k mkasvremkxts. 

I>iiriii;: ilii- iiivcsiifialioii icniporary irajiins stntioiiR were *■'•''■ 
lislii-d nil ( alawiiii KiM>r M<-ar ^[oi->;aiiiiiii. on .lolin Itiver near Mofg»>>- 
loii, and nil Linviile Uivi-r ni'jir Biidfp-wal.'r. For several yesrstlw 
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has maintained two stations on the Catawba River — one at 
a, X. C, and the other at Rockhill, S. C. — ^the results* of which 
tm published in theannual reports. The resultsof all measun^- 
iiade on the river durinii: the investigation are inrntaincHi in tlie 
ig table; the results of measurements on the tributaries in the 
I i)age8 151 and 152. 



JOiacliarge mecunirementn of Catatpba River. 



LocaUty. 



Rockhill, S.C. 

_.-.do 

--. do ... 

do 

...do 

... do 

do 

.. .do 



Hydroffrapher. 



do 
do 
do 
do 



Catawba. N.C. 

do 

do 

do 



E. W. Myers 

do 

do 

...do 

do 

.... do 

...do 

do 



do 

do 

do 

.do 



- I 



do 
do 
do 
do 



do N.C.Curtis. 

do I E.W.Myers 

dt> , do 



Near Morganton. N. C. 
do 



do 
do 
do 



do I 

Oldfort.N.C ' H.A.Pressey 

do ' N.C.Curtis.. 

do I do 



(iairo 


I)1h 


holiclit. 


(■httrtru. 


Fert. 


St-r.-frrt. 


2.01) 


.'i.MCi 


S.-JH 


lrt.7l»l 


2.75 


4.7«« 


tt.riT 


:n.()io 


t.4Si 


:i.7u{ 


2.W 


5.rc5i 


1.7M 


\.m\ 


:{.:«) 


H.M4iJ 


«.«) 


:{:(. 150 


4 ttr> 


10. .'{|4 


•24. If) 


I50,7s;i 


2JI0 


a.H22 


a. 45 


:t,:r2 


2.1(» 


ill 4 


2.W5 


2.<KJ 


'*. W 


2. l;fl» 


5.K3 


5.n«» 


4.37 


4.:m 


2.J*5 


2.Hfc5 


\M\ 


i,'m 


e.ryi 


4.<E)0 


l.W 


l.ltV4 


0. (U) 


55« 


o.no 


525 


1.50 


1,:{74 


10. 10 


5:1 


VZ. 70 


11 


12. 78 


12 



•Greatest flood ever known on river. 

—At regular stations of the Geological Survey g&iCeH aro installc^d by whirh thr> rise of 
r is measured, an increase in the g^age height representing an increaHe in the dischargo 
ream. This is true of all the measurements in the above table excei)t those made* at 
where a bench mark was established and measurements were made, by meann of a steel 
the distance from the bench mark to the surface of the water. In the latter case, there- 
increa.se in the gage height means a lowering of the water surface and a corresi>onding 
} in the discharge of the stream. 

following table, computed by E. W. Myers, shows the eompar- 
ni illinium flows of Catawba River at the Catawba and Rockhill 
ns, which are about 60 miles apart, for the years 1895 to 1899. 
rainage area at Catawba is 1,535 square miles and at Rockhill 
square miles. Comparing this table with a similar one for 
in River, published in Water-Supply Paper No. 36, page 119, it 
e seen that the run-off per square mile does not vary more than 
[ be exi)ected. The Catawba station was established in 1896, 
ockhill station in 1895. 
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Taltle Hfioimng comparative minimum flow9 of Catawba River at gating itaHom 

at Catawba, N, C, and at RockhiU, S. C. 



Year. 



Driest month. 



MeMi flow for 
driest month. 



I 



Rock- 
hill. 



1H»6 1 Sepf 

IHW 1 Aug.. 

XtftTi I Sept.. 

1MB8 June. 



Cataw- i Rock- 
ba. : hill. 



IHOV 



Nov 



lYictl' 

,' Kept. 

June 

■ Not. 



Sec. ft. 
1.31S 
l.arM 
1.817 

s,noi 

2.482 



Cataw 
ba. 



Sec.-ft. 

* 885 
1,017 
1.080 
1.340 



Mean flow per 

•qnare mUa 

for driest 

month. 



Rock- 
hUL 



8tc.-ft. 
0.441 
.M 
.01 
.70 
.835 



CaUw- Rock 
ba. hilL 




StC'ft. 



0.56 



.873 



Htc-ft. 

i.aoo 

bl.330 

cl.575 

1.800 

s.aoo 



Cataw- 
ba. 

Sec-Jt. 



MinfaniiBiMP 
per wntn 
mUeforAi 



Rock- Cite*- 
hia ba 



770 
<1850 

910 
1.290 



0.« 

.445 aoi 

.&» .SB 

.535 M 

.770 M 



■ Seven days' record. 

>> Also in July. Au^nt. and September. 

<' Minimum occurred in January. September minimum was 1.700 seoond-feet, or 0.569 seoond* 
foot per Hquare mile. 

<i Minimum in October. September minimum 900 second-feet, or 0.679 seoond-foot per siaait 
mile. 



WATER POWERS. 

Between Morp^anton and the mouth of Mill Creek, a distance of 50 
miles, then' are 197 shoals witli an average fall of about 2 feet. In 
McDowell County the fall of the river is very great, there being in 
on(^ or two cases vertical <lrops of 100 feet, but the channel is solla^ 
row that the power is not of great value for development. Rock Ford 
Shoal, at Morji:antoii, has a natural fall of 0^ feet in a distance of 
about l,o(Mi ro(»t. 

Although the iiivostipition embraced only the i)ortion of the drain- 
a^<» ])H8in above Morjraiiloii, as soiiu* of the chief water powers of the 
river are Ix'low tliat place they will be mentioned in this connection. 
i>i'ieflv described, Ihcv are as follows: 

I)<»vil Shoal has a fall of 14 fe(*t in a distance of 1 mile, and is well 
located for improveineiit. Iloi-seford Shoal, Smiles north of Hickory, 
has a fall of .'U-fcet in lM) miles; the j)ower is utilized to only a limited 
extent. The (ireat Fall Shoals have a fall of 14.8 feet in a distance 
of 1 mile. C-anoc Landin«r Shoal, about i* miles above the moutli 
of Lower Little Kiver, has a fall of S.!> feet in a distance of 1.87 miles. 
The Lower Little liiver Shoals are between the upper end of Drain 
Island and the lower end of ThnM^-Cornered Island, with a fall of 0.7 
feet in a distance of 1.1») miles. Lookout Shoal, about 6 miles above 
Catawba Station, has th(» jicreatest fall of any shoal on the river in. 
North Carolina, the descMMit IxMii^ 54.-') fe<»t in adistanet^ of 3.- miles- 
Abont '-V^ feet of this fall is said to occur in a distance of three-fourths 
of a mile. The HulTalo Shoals hav(» a fall of 11.4 feet in a little mors 
than a half iiiiU*; they are a short distance below the Western NortL'J 
Carolina Railroad crossing. Lonjjj Island Shoal, about 7 miles soiitlt- 
east of Catawba Station, has been iinpi'ov(»d and a cotton factor^' 
constructed to utilize the power. Monbo Shoal is utilized by a cotton 
mj]j. iieatties Ford Shoal has a ^aU v>i: \\\ feet in 2. 38 miles, rtii</ 
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an Ford Shoal a fall of 27 feet in a distance of 4.17 miles. Moun- 
Island Shoal is utilized to a small extent by a cotton factory 
Aining 6,300 spindles and osing a fall of 22.5 feet. Tuckasegee 
il, about 9 miles above the State line, has a natural fall of 11 feet 
distance of 1 mile, and is utilized by a cotton mill of 6,000 spin- 
. Near the State line there are several shoals with falls of from 
5 feet, some of which have been used to a limited extent, but 
dderable difficulty has been experienced from high water. 

TRIBUTARIES OP CATAWBA RIVER. 
DISCHARGE MEASUREMENTS. 

aring the investigation the following measurements were made of 
Important tributaries of the Catawba above Morganton, N. C, in 
)r downstream: 

Discharge meamrementa of trUmtariea of Catawba River, 



a. 


Stream. 


Locality. 


Hydrographer. 


Gaffe I Dis- 
heignt chargOi 


1. 
28 


MiUCr«ek 


Oldfort 


H.A.Preseey 

N.C Curtis 

do 


ass 

6.78 


Sec/t 
85.0 


ai 


do 


do 


27.0 


9) 


do 


do. 


13.0 


28 


Jarrett Creek 

Cnrtis Creek 


N«ar Oldfort 


H.A.Pres8ey 

do 




17.0 




200 feet above ford of Oldfort 

road. 
do 


82.11 


an 


do 


N.C.Curtis 




16.50 


28 


Crib Creek 


Near ford of main road 

do 


H. A. Pressey 

N.C.Curtis 


4.9 


28.03 


28 


do 


10.0 


28 


Clear Creek... 

do 


200 feet above ford of main 

road. 
do 


H. A. Pressey 




25.25 


28 


N.C.Curtis 




12.0 


u 


Back Creek 


i mile above mouth, at main 

ford. 
do 


H. A. Pressey 




5L91 


20 


do 


N.C.Curtis 

H. A. Pressey 


5.35 


41.4 


3 


North Fork of Ca- 
tawba River. 
do 


First ford above mouth 

do 


240.2 


18 


N.C. Curtis 




67.8 


21 


do 


do 


do 


3. is 

6.75 
5.30 
5.80 
4.1 
6.0 
6.43 
6.34 
11.3 
5.4 
11.55 
12.35 
14.83 
14.23 
9.tt2 
9.54 
9.90 
10.15 
9.8 
6.72 

5.85 

6.8 

6.84 

8.ao 

8.20 
13.06 


6L09 


15 


Turkey Cove Creek. 
do 


Just above second ford 

do 


L.V.Branch 

do 


21.48 
164.8 


14 


Muddy Creek 

do 


Bridsewater - 


H. A. Pressey 

L.V. Branch 

do 


161 9 


16 


do 


618.0 


•10 


do 


do 


119.2 


17 


do 


do 


N.C.Curtis 

do 


96.6 


21 


do 


do 


101.7 


u 


Paddy Creek 

do 


Near Bridtrewater 


H. A. Pressey 

L.V.Branch 

do 


19.78 


16 


.....do 


203 67 


10 


do 


do 


1 11.5 


17 


.... do 


do 


N.C.Curtis 

H. A. Pressey ... 
do 


7.0 


21 


Linville River 

do 


Linville 


21.0 


24 


do 


90.22 


14 


... .do 


Near Bridfrewater 




104.0 


3 


do 


do 




216.0 


10 


....do 


do 




116.0 


17 
21 


do 


do 




78.0 


do 


do 




65.0 


14 


Can^ Creek , . . 


Lowest ford of main Morgan- 
ton road. 
do 


H. A. Pressey ... 

L.V.Branch 

N.C.Curtis 

L.V Branch 

N.C.Curtis 

do 


18.68 


18 


do 


28.46 


17 


do 


do 


7.2 


14 


Silver Creek 


Near Morf^TAUton 


124.0 


10 
24 


, do - 


do....V - 


48.4 


! do....IIII..I.III. 


do 


66.0 


I. 
14 


do 


do 


B. W.Myers 


906.0 
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Discharge mecuuremenU of trtbutariea of Catatoba River — Continued. 



D«te. 



iguo. 

June 13 
July 6 

Ausf. « 
8ept.24 
June2U 

Do.. 

Do - 

Sept. 25 
Nov. 6 
June 13 
June 19 
July tt > 
Aug. H I 
Sept. 24 I 
Nov. 7 ! 
Sept. 25 
Nov. 6 i 
Do ...I 
June 13 I 
July 6 i 
Aug. 8 
Sept. 24 : 



Stre*m. 



LocAUty. 



Upper Creek i mile abore mouth 

do do 

do do 

do I do 

do I Ford at Henderson *■ mill 

.do Upper Creek Falls 



Steel Creek. 



J<^n River , 

do 

do 

...do 

do 

do 

do 

do 

Mulberry Creek. 

do 

Wilson Creek.... 

Lower Creek 

do 

do 

...do 



Footbridge 100 yards above 
mouth. 

Collettsville 

...do 

Near Morganton 

do 

...do 

...do 

...do 

...do 

At mouth 

...do 

...do 

2 mllee above month 

...do 

-...do 

....Jo 



Hydrographer. 



N.CCurtia.. 
L.y. Branch. 
N. a Curtis-. 

do 

H.A. 

do 

do 



N.C. Curtis. 
do 



N.C.Curtis. 

...-do 

do 

E. W. Myers . 
L. V. Branch 
N.C.Curtis. 
...do 



hei^t 



2.2 
2.3 






M 



12.9 

i» 

4.47 
2.64 

aso 

2.0 
1.90 
1.90 
2.S 
7.86 
7.9» 
a75 
14.58 



X 



15.38 



1AI> 

S3 



m.% 



Note.— At regular Htations of the Qeologioal Survey gages are installed by which the riMcC 
the river U meanured, an increase in the gage height representing an increase in the disdoifl 
of the stream. This is true of the measurements in above table of John River near Morguitai 
and of Lin ville River near Bridge water. In making all of the other measurements, however, ii 
each case a bench mark was established and measurements were made, by means of a steel tep** 
of the distance fxom the bench mark to the surface of the water. In these cases, therefore, a 
increase in the gage height means a lowering of the water surface and a correspcmding decreev 
iu the discharge of the stream. 

The principal t rihntary drainage basins and water powers are briefly 
described on the following pages. 

C^ENTER, CRIB, AND CLEAR CREEKS. 

Of the tril)utaries from the north, Center, Crib, and Clear creeks 
have drainage area.s of a similar cliaracter. There is considerable fall 
near their sonrces, which gradually becomes less as the streams are 
descended, the valleys broadening out and l)eing partially cultivated. 
About thn^e-fourths of the drainage* areas are forest-covered. The 
streams are too small for extensive water-power development, but 
two small gristmills have been built on Crib Creek. The low-water 
flow of the stream is so small, liowever, that the mill can not l)erun 
during the dry season. 

BUCK CREEK. 

This creek rises in Buck Creek Gaj), and has a drainage basin 
similar to the creeks Just described, though much larger. The fall 
is very great along its upper course. Six miles from its mouth are 
the falls of Buck Creek, with a vertical drop of 12 feet. A rough 
and rocky highway, leading from Marion tlirough Yancey County, 
follows the stream throughout its course. The scenery near the gap 
is very line. Two mills have been constructed, and are run during 
H part of the year. Near the t\\ov\V\\ o'l Wv^ ^vyv^^^V. \X\fe\^ -sct^ ^ome 
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?ood farms. About a quarter of a mile above the mouth the Mariou- 
Mdfort road crosses the creek. Here measurements were made of the 
liKharge (see table on page 151). 

NORTH FORK OF CATAWBA RIVER. 

This stream enters the Catawba near Marion. At its lu^adwatiTs it 
lamountain stream with very heavy fall, draining the narrow vaHey 
Kiween the Blue Ridge and the Linville mountains. The mountain 
lopes are covered with a valuable growth of tini1>er, pra<*ti<*a11y no 
Qtting having been done on them. About 7 miles downstn^ani th<» 
mlley broadens slightly and furnishes a very fertile soil exfell«»iit for 
grieultural purposes. This valley land has been (rleare<l ami is now 
ngelyin grain or grass. About three-fourths of the drainajro an*a 
I still in forest. Two small combined gristmills an<l sawmills have 
)wn bnilt on the stream, with falls of 6 and 8 fec^t. Turk«»y Cove 
Qreek, a branch of the North Fork, is a mountain stream of oonsider- 
iblefall, with wooded slopes. The total drainage area of tin* North 
Fork is 835 square miles. 

PADDY CREEK. 

This creek has the same general characteristics as the other north- 
ern tributaries of the Catawba in the region. Its headwaters are on 
the steep slopes of the Linville Mountains, and its lower coui-se is 
•cross the Catawba Valley. Its watershed is long and narrow, IxMug 
dose to Linville River on one side and flowing nearly parallel to the 
Catawba on the other. 

LINVILLE RIVER. 

This river is formed by a number of small streams which head on 
Grandfather and Sugar mountains and in Linville Cxap. The sources 
f most of the streams are large springs, which are numerous through- 
tit the region, furnishing perfectly clear and chemically pure water, 
randfather Mountain has an elevation of 5,964 feet; the heads of 
lost of the streams rising upon its slopes are at an elevation of 5,000 
jet. The elevation of Sugar Mountain is 5,289 feet, while Linville 
ap, between these two high peaks, has an elevation of 4,097 feet, 
our miles south of Grandfather Mountain is Grandmother Mountain, 
evation 4,686 feet, upon which rises Grandmother Creek, which flows 
to Linville River 1 mile below the village of Linville. 
The mountain slopes are steep and rocky, the small streams falling 

a series of cascades. The virgin growth of timber is still on the 
ountain sides and extends to the summits, practically no cutting 
iving been done. Three miles below Linville, at Pineola, there is a 
s\thy growth of white pine, but from Linville upstream the river 
above the white-pine belt, the growth changing to spruce, chestnut, 
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white and red oaIe, poplar, linn, SRh, huokeyo, hin'h. l>eedi, 
and. on th« highest elevations, bklHiii fir. Thv tomperaliirai 
low, frwttM having been known to occur in vaah month oT Urn 

B«h>w tirandmother Creek the river has no tribularies uf 
Prom Unindfather Monntain to Linrille FallH Uh vaUfly is 
land on both bankti rising abruptly u> the niouutain flumniUi^i 
tin|{ only short tributaries and anitrn>w di-HfiiiHtt- iitva. LUli 
village of about thirteen houses ami nntimiiu-r JioU'l, i* 
ri\-er and tirandmother Creek, on a t.'omparali vi>ly fiat Hrea, I 
ola, 3 mileti below, a Tillage bailt ap L»ti^>lj' dtirint; 1000, 
another flat section. 

The fall« ut the Linville, located near the Mit<;he]l-C'i4ldweU>] 
ell I'ounty line, have an aggregate fall of 'M> te«t In Tour eJas 
The first fall is 50 feet upstream ftoni tlifr main fuJI. und is a 
dntpof I5ft>et. There are then tlmt>(lru)M in quick Kaucnwiwi- 
10. and 40 feet, respectively. Tht> wut«T at Ihu la^t drop (i 
XXXVIII) rails in one sheet into » btill pool, fmm whiidi tt 
through a narrow tcorge 10 miles lattf^ betW4>en Uingtirtake Mi 
Hawks Bill, Table Rock, and Shortoff 3lountaiu on the 
Linville Mountains on the west. Thv walln nf thi^ gor^e are 
itous. in many places almost vertical, aud rise to heights of, 
.VXi to i,KMJO feel. Through it the IJnvtllo has no tributAries, 
ill}; only the water which falls on the steep slopes and the 
frtMii iht' spring on tlie mountain Hidt^. It may well be canint 
oiu' of the ;;r«'itlest niountjiin features of the region. 'Ilie hitch 
uH'liy wall.-* an- so elow lo the river that there is no B}Mu.-e for h 
way or niilnmU. in f,ift it is with the greatest difficulty that one 
make his way thrtxi^h the ehasm, jumping from roek Ui rock, 
in^ to riH-ky ledgi's. and in places where uo foolliolil is 
eithi'i- side wading the stn-ain. The scene is grand and 
vu'Wt'd cither fiiim the ehasm. where immense vertical rno^ 
rise on either hand, showing nothing beyond hut the blao sky, 
the upiHT i«<lge of the gorge, where one can loot vertieally down 
eral humlretl feet and see-the rapid, sinuous stream cutting iia wafl 
the valley Ih'Iow. 

At Liuvilk- h'alls, at the upiM>r end of the ehasm, the draiup 
Imsin of the main stream and its tributAries has an area of SO sqfliN 
miles. The next li> miles of the coui-se of the river is throogll tbt 
goi^e. After eaiergin}; from the ntcky walls of the chasm it BovUfrf j 
8 or 9 miles as a comi>anitively quiet stream through Birch Bol^'' 
and Cstnwim Valley, Itnally joining iLs waters to Catawba Ittwif^ ' 

At Linville records of rainfall have been kept by the United Stgj^ • 
Weather Bureau for nearly eight years. These records show UddnP 
annual precipitation is about 4G inches, distributed as follows: S^mKr ' 
11.50 inches; sammcr, 13.50 inches; autumu. If. 50 inches; andwintt^ . 
21.50 inches. The climate is pleaaaut aui\ v^vs XwaJi^S'a.V, sh Uurt j 
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3roas summer visitors take advantage of the excellent hotel 
nmodations at Linville, at the foot of Grandfather Mountain, 
ere are opportunities for development of water power on the IJn- 
and its tributaries. On Grandmother Creek the Linville Improve- 

Company has built a timber-crib dam across the stream near 
outh, to form a fish and ie« pond. The dam is 20 feet high, but 
^ight could be increased and a small water-power plant installed, 
e is another site farther up the creek where a fall of 15 or '20 feet 
I be developed. 

Linville Falls, on the main stream, at the head of the gorge, 
derable power could be developed, though the chasm is so narrow 
there would be difficulty in finding space for buildings. From 
ille Falls to the point where the river enters the flat plain of the 
wba Valley the fall of the river is large, with frequent drops of 
L feet. About 2 miles below Linville Falls, near Bynums Bluff, 
I is a fall of 5 feet, and 1^ miles farther down is what is known as 
ade Rock, where the river falls vertically 12 feet. From the foot 
le falls to the Catawba Valley the fall of the river is about 

feet. None of the power in the gorge or at the falls has been 
Loped. 

ere are several small mills on the river. One mile above Linville 
t is a small sawmill and gristmill with an 8-foot timber dam, which 
mfficient water to run throughout the year. Two miles above 
ille Falls, at the mouth of Camp Creek, there is a sawmill and 
mill utilizing an 8-foot fall, and 1 mile above the falls there is a 
lill with a timber dam 10 feet high, a 46-inch turbine being used 
m a circular saw. At the Franklin mill, a half mile above the 

Pine Creek has a 10-foot fall, and power is furnished by over- 
wheels and turbines. About 4 miles above the mouth of the 
, at Berry's mill, an 11-foot head Ls utilized with a 4-foot home- 
3 wheel, and 3^ miles lower down, at Pool's mill, a 9-foot fall is 
6ed for a gristmill run by a 20-inch and a 36-inch wheel. On July 
^) A g^6 ^AS established at the latter mill, and the miller reads 
tieight of the river every day. Measurements of flow have also 
1 made, the results of which are given in the table on page 151. 
ordinary years the river has a fluctuation of about 8 feet at Pool's 
, though on September 6 and 7, 1898, the water rose 18 feet in 
^-eight hours. This is the highest stage known, but in 1882 there 
a rise of about 17 feet. 

CANE CREEK. 

tne Creek, flowing into the Catawba from the north, drains 16 
.re miles of comparatively flat and open country, much of which 
ader cultivation. There is very little fall in this stream. The 
sorements made are given in the table on pag^ 1^1. 
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UPPER CREEK. 

This stream, the next important tributary of the Catawba from the 
north, rises on Jonas Ricl^e and Cranberry, Cold, and Park mouft- 
tains, at an elevation of al)out 4,000 feet. The sides of these moan- 
tains are for the most part steep and precipitous and are covered with 
a dense fon»st p:n)wth. The most common trees are chestnut, oak, 
wliitc pme, and poplar. Very little of the original timber has beei 
cut, thoutrh !in*s liave spread over considerable areas, seriously injiu^' 
ing the forests. As the fires, however, were widely separated, botk 
in time and in area, the drainage basin near the headwaters of the 
stream is almost entirely forest covered, either with the original timlwr 
or with a younger forest growth. 

A large part of tlie regular flow of the creek is made up of efflaenti 
from springs, whicli are numerous cm the mountain slopes. To this 
flow, however, is added the surface drainage from the mountain sidca, 
which in the upi>er part of the creek reaches the stream quickly, » 
tliat during a rain the creek rises rapidly and falls soon after the nuB 
ceasi»s. 

Throughout this and the neighboring watersheds will be found 
shady ravines, with springs breaking forth and adding their waten 
to other springs until a considerable stream is formed with a com- 
paratively constant flow. The Piedmont Springs, miles from the 
s()urc(» of rpi)cr (-reek, have ])ecn celebrated for thirty years, and 
forni(M-ly many p<M)pl(' from tlic Sontlicrn States visitenl them as asum- 
m(»r resoit, ])ein«; aceommodatiMl in a large hotel close at baud. The 
sprin«i:s are <*harged with iron and soda. Though still flowing, they 
are not now mueli visitrnl and the liotcl has fallen intodeciiy. About 
l4 niiles from tin* sonree of TppcM* Creek is Cold Water Spring, where 
a liotel has recent Iv been built to accominmlate summer visitors. 

Th(» fall of Kpper Creek and its tributaries is very great from the 
lieadwaters down to Piedmont Springs. The two forks of the creek 
hav(» a fall of !?/)() f(M»t jwr mile to their junction. In the next mile 
there is a fall of l.Ooi) feet, largely nuulc up of a series of small 
falls of from T) to 10 f(^et. About one-fourtli of a mile below the Cold 
Spring liotel there is a single fall of 00 feet. On June 20, 1900, the 
stream was mc^asnred a few feet above these falls, and the quantity 
flowing was fonnd to be 27 second-feet. Tlie low- water flow is prob- 
ably a])out two-thirds that amount. The walls here are steep and 
rocky, with good natural abutments for a dam, though tlie fall is so 
great that tin* storage capacity would not be very large. About three- 
fourths of a mile above tln^se falls th(»re is a com])ine<l shingle mill, 
sawmill, and gristmill. An 8-foot dam has been built across the 
stream, giving an IS-foot head on the wlieel — a Smith-Morgan turbine. 
A half niih^ fartlier (lown there is another sinall sawmill and gristmill. 
Between the main falls of Upper CwH^k a\\v\W\vi v^'f'x^^wxxVl there isafaU 
ofHt least '200 feet in a distance oi 1\\yvh--U>\\yV\\^ ol a.\aX\fc, 
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rhe low-water flow of the creek is quite largt*, owing to the many 
■ings in its waterHhe<l and to its foresteil basin. From Jonas Ridge 
im to Joy the drainage area is completely covohkI with fon^st from 

I river bank to the summits of the mountains. The most common 
es are chestnut-oak, white pine, and poplar. At Joy there is a 
all gristmill with a G-foot timber dam, and a half mile below there 
t gristmill and sawmill with a flow of about 8 feet over a timber dam, 
o 36-ineh turbines furnishing the power. Then» is another grist- 

II on Upper Creek near the mouth of Irish Cn»ek. From Joy to the 
>oth of Upper Creek the valley is wider and the hills In^rdering 
iiratershed are comparatively low and flat, rising on either side 
Dut 100 feet above the stream. The hillsides are largely covered with 
rests, the growth extending to the banks of the cnM»k. There are, 
wever, open cultivated areas through the valley, the chief crops 
ing com and wheat. It is probable that two-thirds of the total 
ainage area of Upper Creek is forested. 

Below Joy there are two mills — Turner's and Wakefleld's. In the 
»zt mile there is a fall of about 25 feet, the onlinary high- water rise 
love the present stage being about 7 feet. Turner's mill is a grist- 
iill and sawmill with a fall of about 8 feet, two 30-inch Smith-Morgan 
iirbines being used. The 7-foot dam backs the water alK)ut a quarter 
if a mile. At lowest stages the water is about inches lower than at 
he time of measurement, when the discharge was 20.42 s(»cond-feet. 
IbIBOS there was unusually high water, the stn*am rising IG feet. 
Three miles below Turner's mill is Caldwell's gristmill, owne<l by Mrs. 
W.C. Anderson. There is a fall of 7^ feet here and backwater for 1 
Me. There is said to be 14 horsepower available with one Smith- 
Morgan turbine 20 inches in diameter. At lowest sUigos the stream at 
fliis point falls about 4 inches below the surface eU* vat ion at the time 
of measurement, and at such' times it has about one-thinl less flow. 
During high-water periods the rise is about fei*t. The highest water 
known was about 12 feet above the surface elevation at the time of 
Beasnrement. 

Steel Creek. — This tributary of Upper Creek, which rises on Hawks 
Bill and neighboring mountains, enters the latter creek near Joy. Its 
drainage area has the same general characteristic's as that of the upper 
put of Upper Creek, and its fall will average 530 feet per mile for the 
tal 3 miles, 200 feet per mile for the next 2 miles, and 50 feet per mile 
tte rest of the way. 

JOHN RIVER. 

John River, the largest tributary of the Catawba, adds its water to 
^ latter stream about 3 miles northeast of Morganton. Its drainage 
^^ contains 213 square miles and is extremely rough and mountain- 
^ in its upper x>art, the topography becoming gradually more gentle 
•8 the river is descended. It receives its headwaV^T^ lto\iv \5ftfc \sia3K^ 
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fine, large qirings and the nin-aff on Gtaadfadier Momitiiii ud 
otiier monntains in the region near Blowiog Book. 

Thin drainage baain, with ili flnevieifa^ilBdeDaefomt^iti 
ons epringB, and ita aalnbriona cHiaate, la one of the mosi 
and delightf al parta of tlie Sonthem Afipalaohiaii region. Tte 
summer guests at the hotela at Blowing Book and laavilkin^ 
repaid for their visit 1^ a daj spent on the aominlt of 
Mountain, from whieh is obtained a most magnifleent ykm of Asj 
billowy sea of monntains strotohlng awagr tnm it In eveiy 
A ride over the Yonahloawe road, {he finest mountain rasd 
South, with its frequent glimpses of river valleifB and monntais 
beyond, with its numerous little stnama wliloh dash down ike: 
tain sides, cross the road, and leap from rook to rook in theiri 
to join John River or one of their trlbntariea fiar below, isa 
to be long remembered. 

The main stream and ita upper tributaries, chief among 
Mulberry and Wilson oreeks, have fUls of 8,000 or S,000 fetfc 
first few miles of their courses. Yoftical fUla are frequent^ 
on Wilson Creek, and considerable power could be devel<^ied. 
CoUettsviUe, at the junction of Mulberry Greek with John Bimkl 
drainage area is rough, the vallqr narrow, and the mounlsiB 
steep and well timbered. Below the Junction the valley wUhoi^ 
siderably, and where cleared of trees it presents a splendid 
country. There are great tracts, however, whieh are still in timi 
On the ridge tiO the west of the river there has been considc 
prosi)e(*ting for gold, and a plan has been considered of coi 
a flume to carry water from Wilson Creek across John River for 
in hydraulic mining. 

LOWBB CBEEK. 

Lower Creek, the next tributary of the Catawba from the north, ht 
a comi)aratively flat watershed. The fall is not so great as that of th 
upper branches, and in every way the creek has more the nature of 
stream of the Piedmont Plain. 

YADKIN RIVBR. 
PHYSICAL FEATURES. 

Yadkin River rises on tlie eastern slopes of the Blue Ridge, in Gal^ 
well and WatAuga counties, near Blowing Rock, N. C. Its course 
almost south, until at Patterson it turns to the northeast. Itw; 
examined and gagings were made as far down as Ararat River, 
large tributary from the north. In this portion of its course it floi 
through Caldwell and Wilkes counties and between Yadkin and Sur 
counties. 
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ISeginning at Siloam, where the flood plain of the river is about 
-fourths of a mile wide, the bottom land in*Hdually widens as the 
of the stream is approached, being in some places nearly 2 miles 
'vridth. The flood plain is subject to occasional overflows. Its soil 
'Very deep and fertile, tlie result of washings from the mountain 
above. The river basin between Patterson and Siloam varies 
^^dth from 5 to 25 miles. The divides which separate it from the 
ins of the New and the Catawba are high and steep, so that the 
.'batary streams are not very long, but the}' have large falls. On the 
ih the river is flanked by the Blue Ridge, whose highest peaks 
in elevations of more than 4,000 feet. On the south, and lying 
r to the stream, are the Brushy Mountains, a low ridge which in 
attains an elevation of 2,000 feet. 
The upper part of the valley of the Yadkin is very well wooded, and 
forests, with the deep soil on the mountain sides, tend to make the 
'^ of the stream more constant than might be expected in the 
nee of lakes or marshes to act as regulators. The highest flood 
'Which there is any record extant was in 1878, when the river rose 
feet. Tlie floods are of short duration, generally subsiding in from 
rty-six to forty-eight hours. It is said that twenty-five years ago 
floodsvery rarely occurred, and their fre<iuency now is accounted 
T by the clearing of the hills and the removal of obstructions from 
© river.* The lowlands are more frequently overflowed than for- 
^lerly, and more damage is done to the crops. Tlie annual rainfall 
^ the upper valley varies from 44 to 50 inches. 

Between Patterson and Wilkesboro the lowlands are in places a mile 
* more in width and are exceedingly fertile. This region is known 
•8 Happy Valley, and is considered to be among the finest agricul- 
taral sections of the State. The chief products are corn, wheat, 
tobacco, cotton, cane, and fruits. The corn and wheat raised are 
specially good. Pasture land in the immediate vicinity is poor, but 
ilong the 8loi)es of the Blue Ridge grazing is better and considerable 
bay is produced. The climate is salubrious. The Wilkesboro di vi- 
rion of the Southern Railway passes up the north banks of the Yadkin 
as far as the town of North Wilkesboro. The only two towns of any 
importance along this part of the stream are Elkin and Wilkesboro. 
Both are growing rapidly and give promise of continual development. 
The well-defined river basin of the Yadkin is marked by an appar- 
ently unbroken valley floor lying at an average elevation of 1,200 feet. 
This floor, which rises by a gentle inclination from alwut 1,100 feet 
along the river to 1,400 feet at the bases of the bounding ranges, can 
be seen to best advantage when standing on the steeper slopes of the 
mountains, as, for instance, on the road from Lambsburg to Cold 
Spring, in the northern part of Surry County. As soon as one 
approaches the tributaries or the river itself, it is evident that the 
valley floor is not oontinuous, but that it has \>eeTv Oi^ie^X's \.T^\!kft>afc^\ys 
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nearly all of tli<* streaniH iK'Ionging to this portion of the Yadkin 
systiMu. Th«» trench now occupied by the main river is from 
feet to 4fH» nt»t Ik'Iow the general level of the valley, and varies 
widtli fn>ni a half mile to a mile and a quarter. The width of 
treneh is clearly infliien<*ed by varying resistanci* in the rock 
crossed l>y the st n*ani ; the depth, however, seems to increase' unif 
downstn^ain, without ndation to rock resistance. The Imtt^imof 
main tr(»n<di is (•ovennl with alluvial ssmds, gravels, loams, or clay 
a depth of fn)m 15 t4) 20 fe<»t. Through the l)ottonis tlius formed 
riv«»r pursu<»s a meandering course, IxMng sunk alK)ut 10 feet bel 
the g<Mn»ral level of tlie valley fl<K)r at Siloam and not more than 
feet Im»1ow in the vi^'initv of Pattorson's mill. 

The t Hunches cut by the tributary stn*ams are narrower than 
main trench, have stei»per iMuinding slopes, which are sometimes 
ripitous, and have nari-ower Iwttoms, which often extend far up 
stn»ams. Near their mouths the tributary valleys are ven^ narrow, 
t hrir channels Ht<M»p, and usually a number of low cascades over resirt^ 
ant layei-s cliaracterize the debouchments of the streams upontta 
broader bottoms of the river. 

Along the steep s1oih*8 of the trench of the main stream, and ovc^ 
looking the lower iKittoms, art» two sets of river terraces, which hiw 
bren partially cut out of the <leeply decayed gneissic rocks and 
|)artially built up of stratifuMl gravels, sands, and clays. Tliesetwo 
tcrijKM's ai'c at clrvatioiis of -0 and OO fin^t above the lower 1m )ttoms. 
Ill places traces of a third terraces at al)()ut 100 feet, can i)e seen. 
Deposits similar in rharactor an<l form can be found in the tributary 
gorges, usually at tlic loo-foot (Oevation. 

SOILS. 

In y:«'ii(M'al th(^ nx'ks of the n»gion nro schists of mo<lerate compact- 
ness, witli gneissic and slaty han<ls in the vicinity of Hlowinii: Rock. 
Ncai' Mount .Vii-v the ineiani()rphi<' crvstallines s(»eni to have l)eoncul 
hv compact graniti<' rocks, which withstand weath<»ring much Mter 
than th(* surrounding format ion, and thus have formed low hills stand- 
ing above the general level (1,200 feet) of the valley floor. Thejrra- 
nitic rocks on disintegrating |>rodu<'e <*lays an<l sands; but theai*t*.v 
eovered hv t he result inir soils are small. The metanioridiic riK.*ks pMJ- 

ft V A 

erally produce clayey subsoils, with a not very porous top soil. In some 
localities an unusual amount of quartz in the rocks has resulted in the 
pi'oduction of sandy soils. Thus the soils of the valley floor arog^n* 
erally rather heavy, with an impervious subsoil. Consequently ueitlier 
heavy rains nor th(? average moderate precipitation penetrates ton 
great d(»pth. Instead the water gathers into surface rills and rapitlb 
linds its way into the streams, at the same time carrying with it '^ 
large portion of the looser surfa(*e soil. 

Tho Hi'avly l<»vi^l eb'valed vvvWi^y \Vm>y Vas \>v'<;>\\ vCsawvv^I vvhoH) 
clraivil of i\ni\M\ In it areas ot \v\\vay\v-a\^W K^yV\\\V>s ov^viwx vvv\\^^^ 
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& These have been extended in size and in depth by the wash 
m the mountain sides. The soil of the slopes on the nortih side of 
stream is largely siliceous and is well mixed with humus and vege- 
le mold, affording rich pasture and farm lands. The soil of the 
imtain sloi)es on the south side of the river is shallow and com- 
atively poor. 

FORESTS. 

"he forest growth consists chiefly of oak, chestnut, poplar, and 
I, with some pine, and with occasional patches of hemlock. Near 
railroad considerable cutting of the best trees hiw l>een done, but 
riany parts of the area the timber is practically untouched. Con- 
>rable damage has also been caused by forest fires, though in most 
ses the injury from this cause has not been serious or x>ermanent. 

DISCHARGE MEASUREMENTS. 

curing the investigation the following measurements were made of 
river at various localities along its course: 

Discharge measurements of Yadkin River, 



e. 



). 

20 

14 

7 

.» 

.21 

t23 

4 

12 

6 

1 

4 

1. 

» 8 
(14 
>lfi 
sVA 

0. 
11 
3 



Locality. 



Second ford below Patterson *8 mill... 



do 

do 

do 

Wilkeaboro 

do 

.... do 

do 

do 

do 

do 



Hydrograpber. 



Gage 
height. 



Di8 
charge. 



N. C. Cnrtisand Cleveland 

Abbe, jr. 
do 



do. 
do. 
do. 
.do 
do. 
do. 
.do 
.do 
-do. 



do 
do 
do 
do 



Siloam 

do 

do . 



.do. 
.do, 
-do 
-do. 



do. 

do 

do 



Fevt. 1 


Sec. -feet. 
182.0 
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OTE.— At regnlar stations of the Qeological Snrvey gages are installed by which the rise of 
riyer is measnred, an increase in the gage height representing an increafto in the discharge 
le stream. This is tme of the measurements in the above table at Siloam. In making all 
le other measurements, however, in each case a bench mark was established and measure- 
ts were made, by means of a steel tape, of the distance from the bench mark to the surface 
be water. In the^e cases, therefore, an increase in the gage height means a lowering of 
water surface and a corres];x>nding decrease in the discharge of the stream. 

?or several years the Survey has maintained a gaging station 
Yadkin River at Salisbury, also one at Norwooil, both farther 
wriistream than the present investigation extended, the results of 
lich have been published in the annual reports. The station at 
•rwood was discontinued in January, lOOV). 
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WATER POWERS. 



Ut^tweoii Patt4»rsoirs mill and tho town nf Patterson, alxiul 4 
fartluT upstnN'ini, Yadkin Kiver is a nieanderin;r stream, withdij 
fall, <MM'Upyln^c a wi<lt», terraceil treneh al>out So feet 1k*1ow the 
«'ral level of the tivnehed valley floor alivady <leseriU»d. Althoi 
tliefe are many shoals with gi'avelly lK>tt<mis l>etween Patterson 
the mouth of Little Amrat River, theit^ are no ko<k1 water poi 
beeause of the broad, alluvium-lined valley, whieh offei>< noan< 
a^e for dams; nor are then* any shaq) falls or even imiH)rtant raj 
suflii'leiitly hij^li to furnish useful power. Alxnit 1 mile al 
Brown's font, 4 miles west of Wilkesl)oro, what seem to l)egr»i 
shoals in the riv(»r a<*<*ompany a fall in the ehannel of 5 feet withini 
(juarter of a mile. The lK)ttom lands on the north Iwink of then! 
at this pla<M» an» only 200 fe<*t wide. On the south side, howei 
they an* somewhat wi<hT ami seem to affortl iKK)rer holding grot 
Ajrain, alM)ut :> miles above Honda the river runs at the bottom of i 
narrow, roek-riblMMl trench, and its channel is cut across by roi 
led;r(\s of h(»riii)lende-sehist. Tliis locality, with a channel fall of 5 
<J fret, secMus to Ix* the best on the whole stretch of the main streaiif 
having a ^mmI foundation for a dam and natural abutments. 

TlK^re are no mills on the main stream l)etween Pattei-son's mill and 
Siloauj. At Patti'rs(m, 4 niih^s upstream from the mill mentioned, 
ihi'vr arr two mills. TUr lirst one, a cotton mill, has a fall of alx»ut 
!<• IVrt. Tlif oilitTone, a frw hundred yards upstream, is a NV(x»len 
factorv opcral«'<l during the irrc^ater part, of the yi'ar by water iHJWcr, 
but liavin.^ an auxiliary s1(*ai!i plant for use durin^i^ unusually low 
water. This mill nsrs a fall of -»") fe<»t, obtained by sluicing tliewater 
-<M) vai<l> from a l.")-fo»>t dam. 

Above Patterson the liver occupiers a narrow, rock-walled gorge, 
alTonlinir many goo<l powers, thouj^h a number are at present inao- 
eessi))le. About I mile above the woolen mill and sawmill just men- 
tioned the whole volume of the river crosses Rii>shin Mountain 
thi-ouirh a narrow water irap floored and flanke<l to a great height by 
liiin irneiss and schist. The ehannel at this point has a drop of cer- 
tainlv '» feet within half as manv rods, and a dam lt)0 feet lonirand 
10 feet wide would completely flood broad meadow lands to a dist-jinc'e 
of a mile upstream. About 1! miles upstream from this gap thix)Ugli 
Kipshin .M(»untain a small mill has b(»en built to utilize a fall of l'* 
feet, and on Mill i-'ork, one-fourth mile above its confluence with the 
Vadkin, another mill, with an S-foot. fall, has been established, while 
about 1 mile above Kirby (ia[) this same stream (Mill Fork) has an 
almost per[)endieular fall wliieh is estimated to be 250 feet. 

The following table contains interesting data regarding the eleva- 
tion, fall, <'tc., of the river in various portions of its course above the 
mouth of Ararat Kiver: 



YADKIN RIVEB. 
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Elevation^ fall, etc, of Yadkin River above Ararat Rifrr, 



Place. 



Dtetanoe! --.,^ lDist«nre Fall «.„ ^., \Vl!^ 
#!-,___ EwTSr w„*-— «„„ K^#«M.M. rail ptT annual 



Siloam. 



f Ararat Biver 
>ro 



MUtM. 



50 



fVrf 



i'fflo' 
"ism" 



pointA. pijintii. 



Mile*. 

aV 

i3 



Frrt. 



! tion. 



173. IC 



>'«rf. 



rt 



5 



ve its junction with Mill Creek the river piii-sues a wiri<iiii^ 
>, flowing at the bottom of a verj' deep and narrow j^or^e, with 
>rage fall of about 50 feet to the mile. 

»w Ararat River the valley of the Yadkin av<»rairoH 50 mih\s in 
, much of it composed of fertile l)ottom lands. At s<^veral 
, however, the hills close in upon the river, confinin^r it lK*tweeii 
and rocky banks. In this lower i>ortion of its coursi* then* are 
places where water power could economically 1k» (Ic^voIoikmI. 
allowing table gives the locations of the principal i)owei-s: 

Summary of ttater powers on Yadkin IHi^er," 



ocality. 



3* 



OQ 

a 

c 

u 

8 

a 

s 

00 



falls 

[aland Shoal 
land Shoal., 
th Shoal.... 



md Shoal 

ftons Shoal — 
srille Shoal.... 

alia 

mntain Shoal., 
amp Monntain 

fannfactaring 
ower Co. 
honr & Nea- 
1am. 
Ford Shoal.... 

above Shores 
1. 

loal (head) 

ock Shoal 

Blow Rock ford. 

Bland Shoal 

loal 

iff Fishtrap 

I Inland Shoal . 

reek Shoal 

sland Shoal — 

land Shoal 



MiUM. 
13.0 
13.0 
42.0 
57.5 
00.0 
65.0 
«7.0 
70.0 
72.8 
73.8 
78.3 

131.5 

138.5 

145.0 

155.2 

1M.7 
100.3 
174.8 

m.o 

182.0 
185.0 

186.6 
196.7 
206.5 

216.5 



Total fall. 



t 

S 

a 

-s 

Q 



n 



mi. 
,650 
6,624 
4.323 
4,31)0 
3,S38 
3,800 
3,fl0U 
3.500 
3.400 
3.300 
3,000 

1,865 

1,827 

1.812 

1,633 

1.521 
1,166 
1,097 
1.066 
949 
9S& 

925 
739 
540 

420 



^ I 



Feet. 

9.00 

36.00 

18.00 



: 1 

I CD 

I ^ 

o 
ja 



9. 
91. 



50 
00 



29.00 
74.00 
14.00 
13.50 
8.50 
10.20 



Feet. 

1,000 

b4.5 

b2.5 

2,501) 

h5 

b2 

«»4.5 

•'0.7 

«>0.8 

bO.5 

•>0.5 



10.00 , 1,000 



4.57 
7.89 

i. id 

39.17 
10.62 



8 

4 

11 

4 



38 
02 
18 
55 



4.00 
5.40 
3.86 

3.44 



5,560 I 

0,662 

b4 
••2.59 
4.500 
2,6.'K) 
bl.61 
1,800 

2,740 
8,160 
2,700 

1,700 



Gross hor«eh<iwer 
available. 



d 

s 

a 



1.500 
5,970 
1.942 

i.<eo 

8,954 

2,854 



o a 
> s 

BS 

a it 

2** 

a- 



1.9110 
7.6110 
2.476 
L.'KN) 

ii,:n'5 

3.625 



n 

•^ > 

9 ^ ii 

® 5 ^ 
< 



2,170 

2,nr. 

1.470 

12,<.»22 

4,118 



Kcmarks. 



1.378 




Undovolopod. 



Do. 
Do. 
Do. 

liock bottom. 

Do 

Rock and gravel 
bottom. 
Do. 

Rock bottom. 
Do. 
Do. 
Do. 
Do. 
Do. 

Gravel bottom. 
Rock bottom. 
Rock and gravel 

bottom. 
Gravel b ittom. 



•From Bail No. 8, N. C. Qeol Survey. 
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It will Im» soen that tho fall is not in the form of direct vei 
dnips, but in shoals of eonsiderabh' lon^ii. One of the 
drawl)afks to tlu? <levelopnienl of power in a lai^e iwirt of the Yi 
is the lack of proi)er means of transi)ortation. 



TRIBUTARIES OP YADKIN RIVER. 
DISCHARCiE MEASUREMENTS. 

The following: measurements were made of the imi)ort^nt tribut 
of tile Vadkin to an<l inelmlin^ Ararat River, in ortier downstream: 

Diwhaiye iiwaHurenwuU of upper tributaries of Ycuikin River. 



L)at<-. 


Stream. 


Locality. 


, Hydrugrapher. 

t 


Oaee 
tiei^t 


Mk^^ 


liMMI. 




1 


1 
, Fftt. 




.In no rill 


Klkc'n'ck 


Ono-foarth mile above ford . . 


Cleveland Abbe. 


1 2.4 


OU^r 








jr.. and N. C. 












Curtis. 


■ 


1 


.luly la 

AllLT. 1) 


. .do 


do 


do 

do 

do 

.... do 


2.43 
2.6n 


Aifl 


... d«> 


do 


S.ll 


s.'pt.ai; 


do 


do 


SLiI 


.IiiiioLM 


Stoiiv Crt'ok 


Footbridf^ at ColbertH 

do 




.lulv i:J 


. «lo 


, do 

' do 

, do 

do 


i.70 



1 in: 

: 3.10 


NliI 


Auk'. •» 


...do 


do 


MMm 


S4'iit.:J« 


do 


do 


&» 


.luiifiM 


L(»ul.s Fork of YoaI- 


Footbridge on Moant Pleas- 
ant road. 


Ulll 




kin Hiv«»r. 






V 


July 1.1 
Ant;. <» 


.. i\n 

do 


.... do 


.... do 


ass 

3.3U 


ttl 


do 


, do 


«• 


S»?i)t.a»i 


d.. 


do 


1.... do 


3.33 


ai 


.lUTlOlSt 


II«MUiio Rivfr 


North Wllkeeboro 


do 


24.73 


ml 


.hilv IL' 


• In 


. «lo 


... do 


25.15 


m.\ 


Au^:. 1 


. . .1.. 


. . do 


do 


, 


910 


O.'t. 1 


. li" . . . 


do 


.... do 


25.25 


mi 


.luiif :,*:'» 


MulUrry liivcr 


Tr«'^>th* <»f (4n»enslK)ro and 
Wilkoshnro division of 
.Soutln-rn R.R. 


do 


i 21. W 

1 


10i*.4 


.Inlv :{ 


... 'In 

(1.. 


do 


do 


22-25 
1 22.42 


.^3 


All if. i 


do 


do 


s.M.t •;; 


. .1«. 


do 


do 


XuV. -' 


(In 


do 


... do 


.Iuu» ';,•:. 


Kiijirui^ KivLT 


(trt'«*n.slioro and Wilkesboro 
H.H.bridge. 


do 


23. # 


'dSi.i 


.lulv '.« 


. .1(. 


.. (In 


do 

do 


; 25.75 


W1.4 
lIT.n 


Antr- 4 


- .In : 


... d.) 


s.'].t..'.»7 


(In 


.... do 


do 


. So.Vi 


lil^.O 


N..V. ;.' 


(In 


.... d.» 


do 


1 24 27 


lw7.0 


Srj.r :.': 


Hiu' lUu';il)(fi('r(H'k. 


Ford (if roftd from Hoarint; 
River tnElkin. 


do 


1.2S 


.10.0 


.Ill III" ■,'."» 


liiir Klkm Kiv«.'i' 


(inMMislKiro and Wilkt'sboro 
li.R.briiiRo. 


do 


24. .Vi 


65.0 


.lulv *.' 


''■• 

(In 


do 

do 


do 


25.95 


9.0 


A UK' » 


.... do 


24.0 


S«'pt.".*^ 


(In 


do : 


do 


^5.22 
21.t>{ 


27." 


riiu'- :y> 


.Mn.-li.'ll Iv'ivtT 1 


do 


do 


.ml 


.lulv l<i 


.. .1.. 


do 


do 


24 'I' 


mi 


Aiiir. ;{ 


.!<. 


... d'» 


do 


24.25 


iii'.'i 


Scj.t > 


. . (l(i 


<lo 


do 


24. 2:^ 


It*'." 


N..V. 1 


(in 


<!.> 


do 


'S^.sv 


21r>." 


1 


I'i^h'-r llivtT 


Cirocusboro and WilkoHboro 
R.R.tn'Mtlo. 


do 


2iv ai 


5f.'.'» 


.lulv 10 


.. . (In 

do 

. (In 


d(» 


do 


2:i.At 
2:t 72 

2;i. 70 

2:i.t' 
3ii.(» 
2«.2:» 
2rt.4<) 


ir-j.o 


All;!,', a 


dn 


do 


135." 


s.'pr :> 


(In 


do 
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N'..v. 1 


do 

Ar;ii'.it Kivrr ' 

.. . .In ' 

. . (l(t 1 

(In 


. dn 


do 


•ill «l 


.Iuii«' :.'r 


.. dn 


do 


.SiH.'.' 


.Inly 11 


.. ..dn 


do 


:u:.i 


AiiiT. :.' 


... do 


do 


3V=i44 


Sfptij^.t 


. . . . dn 1 


do 


243. <» 


Oft. :>1 


(I.) ' 

1 


do ' 


do 


25.*) 


a»7.o 






1 



I 



Nori:. In niiikiiii; th«Mnca.^urcinoiit>> rt'cnrdcd in tho abnvo t;iblo bench marks wero e.*sUb- 
lislicd and uu'aMinMnciits wtTi' made, by means of a .steel tai)0, of the distance from tbol">ncb 
mark tn the surfa<M» ttf the water. An increase in the j^ajro heiglit, thorofore, moans a lowering 
of the water surface and a cnrre.sijondini; (b'erea.s«> in the discharge of the stream, the reverse 
of the n^sults at the r.*Kuhir Htati(jns of the Survey, wliore gat;:es are installed and where M 
increa.se in the if^age lieight ropresionts an iuerousv.^ \u \\x«i v\vi«\x«LT^<i of the stream. 



rainage basins and vater power? of tlHf printripul rrlbaTiiiy 
are briefly describei on the f«>U«»«in^ P*^^E^!!^- Prai.Tif;iIIy aH 
ributaries whose water powers aie worth ti^tLsi«leriR;C [!.•» into 
ikin from the north. The divider and ^pur^. ri»rrw«>-a whi«'h 
basins of the tribatary streams, are s«-l«loai m«>rv :hAii a oule 
d form many pictoresqne eoves and ralley^. 



stream was measured at a foot lus alM>at •»n*--f«uirth **f i\ miU* 
lie road fonl at Elkville. At the |M>int <>f me;k>ur>-ni»'iit an* I 
ort distance above and below are eiis«-adi^> ••vrr hnmil l»i !::*•> 
58, and the stream is bonnde«l by si»«»*|i. nN-ky >lo|i»-^ Th»» 
fall is estimatetl to be at least !«• f*^x within i^" yanls. 
up the stream there are undoubtedly other fair |Njwer», but 
re not examined. 

STOXY CREEK. 

Stream enters the Tadkin from the north al>out •■ miU*s below 
S and possesses a splendid power at its mi»iith and for a sliort 
B upstream. Throughout the last half iiiil«* of its course th«* 
.re the steep, rocky sides of a narrow, V-shaiXMl ironr»\ Within 
tance the stream has an estimated fall of at least V • ftH.»t, rtowinjr 
leries of ledges in falls or cascaiies of fn»ni ♦;• to \v f*vt eaoh. 
the mouth of the creek there stands a «^ombined sawmill and 
11 driven by turbine power. The dam is only »'» foet hi^h, hut 
rorably placed on ledges that about is tVet head is obtainod. 
an excellent mill site, but the road leadiii'r down ti» it from 
rounding country is poor and is on a steep irnido. The stream 
asured at a foot log about 3 miles alx)ve its mouth, wht^re it 
trough a sandy meadow or bottom one-ft>urth of a mih' wid«'. 
as examined this stream offers a number of jjrood mill sites, 
ralley is everywhere lx)un<led by steep mountain sides, and in 
>laces is narrow, by reason of the oeeuri*once of bamls of 
it gneiss and schist. 

LOUIS FORK. 

stream has a large drainage basin, served by its two braneh«»s, 
>rk and West (or South) Fork. The valleys of these branehes 
erallyopen and are largely cleared, the bottom lands, of which 
4 a large area, l>eing under cultivation. The discbarge was 
ed(see table on page lG4)at a foot log where the Mount IMeas- 
d crosses the stream, just below the confluence of tlie Kast. 
ast forks. The bottom at this place is ratlior sandy and grav- 
th some large lK)wlders. About one-fourth of a mih^ down- 
, however, the creek leaves the meadows and enU^rs a narrow, 
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steup-sided gorge containing many rocky ledges. There are 
two small gristmills on tht- foi-ks above the point of meafiuramea 
which is nearly 3 miles from the mouth, but so far as kuuwn tin 
are uone below it, 

UNNAMED TRIBUTARY EAST OT LOUIS POBE. 

Tlicn; is a small stream which hoads in tho monntuins nort.hcflBt 
Purl«ar and enters the VHitkin from the north about h mile west a 
Brown's ford, on which there is coii»ideralil« fall, oviir rwrk le«i{;e8,i 
tho mouth. This fall is utilized by a griatmill and yields a head tif I 
feet, although the dam is only 5 feet high. The stream is nl^ 
that it was not possible to measure its discharse sar.isfavt^trily wit 
the large meter. Judging from the wooded character of its vallcj 
however, it ha* u fairly unifonn flow thnmghout the year, and I 
steep grade gives much more powerlhan is now used. 

REDDIE RIVER. 

This river heads far up among spura of the Blue Ridge, betwM 
Ilurse Oap ou the west and Mulberry Gap on the east. Ila hei 
waters are moderately well woo<led, but along its middle course th< 
is mon> open and cleared valley land. There are several millsoii tl 
stream, the more imixirtant ones Iwing a gristmill at Whittington; 
two mills at its mouth, just above North Wilkosboro. The latUTlati 
site is an admirable one, the shoal being 10 or 15 rods wide, rod 
floored, and excellent rock abutments Iteing furnished by the letigd 
OQ either bank. The natural fall in the channel is about 10 feet., hal 
of which is utilized, by means of a !i-foot dam, by a griHimill ani 
flour mill on the west bank. One hundred yards below the dam HUri 
factory uses a fait of about 14 feet, obtained by sluicing the watfl 
from the dam to the east bank of the stream. 

The river is reported to be not subject to rapid fluctuation, tbBi 
distinguishing it from most of the other streams of the neighborbuuil> 

MULBERRY RIVER, 

This river also rises far back in the Blue Ridge, starting near Mai 
Iwrry Gap and flowing southeastward. Its valley, which is rath* 
broad, is covered with alluvium and offers relatively few mill sil» 
The average grade of the channel seems to be much le«s than thai «t 
most of the sti-eams of the district. In the upper st.reti.'hea falls »tA 
rapids are more numerous than in the lower portions of its cour*. 
About halfway Ijetween Mulberry and Halls Mills there is a shoJ 
which affords fall for Wood's gristmill aud aawmiU, giving the whed 
8 feet head. So far us known this is the only mill on the stream. M 
the crossing of the road lietween North Wilkesboro and the town oT 
Roaring River there is an exeelient \vtUo fall of about H feel, due M 
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lad ledge of nxfk which crosses the stivam and fumSh^ .^ ;:<-•: 
imont on the west bank. At the Sooth««m Rjulway :r>-^:. • -'ri-rv 
30 a series of cascades famishing feet fall, with ;j«»«i a*-.::, -r.".* 
lie east bank. The river was measureil ait th*- in->Tl-. »':..•. .* 
it halfway lx>tween the Yadkin and the Meep hiU>;d»' f«».'-:i..Lj "iLrr 
hern VM>undary of tliat river s flood plain. 

ROARINCi RIVER. 

his stream is much larp»r than MuDwrr}* R:v#-r i%ii*i ;»»-*^-— i-« 
ly goo<l water prjwers. Thos4* at prest-iit li^st krj«iw!i ar»- ••.- •■•- 
at 4 miles lx*low Dockery, which i> u«-ar tht- juii«-?i.»ii "f •♦-• .-.i-*- 
and western forks, and the one at th«* mouth 'if -L- "»':>-.«:;. 
ost above the confluence of thf two rh iff fnrk-* ;i *:L.ii.i ••r-.»:ii 
ers the western fork from the southw»*st- Wh«r>- 'h*- r-'.v: :': »:jj 
ind Mountain to Dockery en >sses it the av#-ra::»- fai'. > ! • !•■-• j^-r 
e. Here Spencer Blackburn has built a small unV. -a fii.-h :-•»-* a 
of 20 feet. Passing on to the two forks and u* tl)»- n.a!:. -v-ain 
>w the fonl of the eastern road from Kound Mountain ••• I»<«k-r\ . 
river is very rapid and is confine<l l»f*twt^Mi hiudi ar:<l -r*— ji >i.i!ik-. 
fall averages 20 feet to the mile, and th»- >hoaN. in'in'i.i;:: 'h»- 
Shoals, cover a distance of alK>ut 1 niil«*. All **f rhi* fail '-ar: In- 
4e to furnish excellent power, l)oth on th«* main "-Tnam aul "U t1j»- 
them fork, which joins the river at this ix»ini. aft»r •Iraininira 
ion to the northeast lying between Hank Ston- and l-'Miia\. 
though narrow and steep sided in the vii'inlTy of tlit- Wi,: >hoal>, 
valley widens a short distance l>elow, ami t]ii- >Tr«-aiii jh )»<•>•-«•> 
valuable powers until about one-fourtli mil«- abov*- ili«- railway 
stle at its mouth, where a wries of cas<'ad«*s ovt^r II rm roc-k It-d^^rs 
ises the channel to dn)p 15 feet within half as many ro<ls. At the 
stle the valley o^hjus out into the sandy tloo<l plain of the Vadkin. 

BIG ELKIX RIVER. 

This stream has three noteworthy falls, which give it an impor- 
Qt place among the water powers of the upiM»r Vadkin Valley. The 
)8t important falls, or series of falls, so far as water power is con- 
med, ai'e Carters Falls, about 3 miles above the mouth of the 
ream, at a place known as C'ool Spring Church. When visited 
iring the summer of 1900 these falls had a comparatively small 
)lume of water. They are occasioniHl by a broad band of ii'sistant 
)rnblende-gneis8. The upi)er fall, which is the greater, wjis nu^as- 
•ed by a hand level and found to l)e 00 feet in a distanc4» of 1(H) 
irds. From the foot of this fall the stream runs over low itidges 
Tan eighth of a mile to a lower fall which is al)out 15 fot^t high. 
ho lattiM' fall is utilized by a small turbine-driven gristmill on one 
mk and by a small lumber mill on the other bank. Tlie owner of 
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the land states that he has measared the total tall h 
head of the npper to the foot of the lower falls, by neai 
instrnments, and flnds it to be 98 feet, whloh seems q 
The basks of the gorge are steep and of Ann rook, affon 
water-power site between Ararat River and the soaroeo 

Aboat a half mile below the lower frils mentioned &< 
about 26 feet, part of whloh has been ntllized by Bnt) 
which has a dam 6 feet high yielding U feet head, 
the race a few yards farther downstream a head of 20 
obtained. During high water there is a maximum rise c 
the top of the dam. 

The other powers are near the month of the river, In 
Elkin and Klkin Valley. At the former plaoe, where th 
able rook bottom and decided falls, are two dams; atth 
which is higher upstream, there is a gristmill and floa 
10-foot dam and a Call of 18 feet.- 



HTTCHELL RIVEB. 

This stream was measured just below a series of lo' 
roeky ledges, marking the point of transition from the i 
of baok ooantiy to the sandy flood plain of the Tadkl 
abont 10 feet, has not been ntilized though it is favor 
About 1 mile upstream Bnrch's flour mill obtains power 
tary — Snow Creek, At Guyer Ford, 6 miles above the 
is a broad shoal which would give 5 to 7 feet fall withii 
a mile. 

The valley of Mitchell River is similar to that of 
being rather narrow, with steep side slopes, bnt it ha 
what more cleared than the latter valley. Perhaps ha 
ttie immediate slopes is now bare of trees, while in 
Fisher River two-thirds of the timber seems to be stand 

FISHER RIVER. 

This stream was ascended only a short distance, 
mill sites were found, though a number of small mills 
along its upper coui-se. Many mills, however, are loci 
tributaries «f the river. The stream in a lai^ one, I 
miles long, rising far back upon the Blue Ridge, 
same latitude as Mount Aii'y. Probably the only goo< 
at the neck of what is known locally as The Oxbow or Tl 
a semicircular Ix'nd in the river al>out 5 miles southea 
The two arms of this loop come within 100 yards of eael 
narrow neck, and there is said to be a difference of 20 ff 
face level of the river on the two sides. It has been si 
thiB difference in level be uUViiftA \)^ ^VftTCUi^ the neo 
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neled race, but nothing in that direction has yet been done. At the 
ford of the road between Snow's mill and Butcher there are shoals 
due to a fall of x>erhaps 5 feet in one-fourth of a mile, and at the ford 
floathwest of Butcher there is a long shoal giving 4 or 5 feet fall in 200 
yards. The valley appears too wide for dam construction, but just 
below the second shoal mentioned it narrows and closes in for a short 
distance. 

ARARAT RIVER. 

Ararat River is the largest of the upper tributaries of the Yadkin, 
[t rises on the Blue Ridge, about 10 miles north of Mount Airy, at an 
elevation of 2,500 feet, and flows almost due south for 30 miles, empty- 
ing into the Yadkin 1 mile below Siloam. The average fall per mile 
?Pom the mouth to Mount Airy, a distance of 20 miles, is 14^.0 feet. 
ibove Mount Airy, where the fall is much greater, there are a number 
»f small gristmills. 

NEW RIVER. 

New River rises in Watauga County, N. C, and flows in a general 
lortheasterly direction through Watauga and Ashe counties. It then 
follows the North Carolina- Virginia State line for about 12 miles, 
when it turns to the north and joins Kanawha River, its waters finally 
reaching the Ohio. Just before it intersects the North Carolina- 
Virginia boundary line there is a confluence of two branches of almost 
equal size, known as the South Fork and the North Fork. The North 
Fork drains the eastern slopes of the Iron Mountains along the south- 
Western border of Ashe County, N. C. Both forks are formed by the 
JQnction of several branches which drain the mountain slopes. The 
fetal drainage area of the two forks is 631 square miles. 

Examination of the drainage basin of the river was made as far 
down as Oldtown, in Grayson County, Va., alwut 7 miles below the 
Confluence of the North and South forks. The upper part of the basin 
is rough and mountainous, the stream flowing through gorges and 
ttarrow valleys with rocky slopes and bottoms. The occasional widen- 
ing of the valleys, however, furnishes favorable sites for dams and 
mills. The soil is for the most part deej) and fertile, making a fine 
Agricultural region. According to the census of 1880, 92,000 acres 
^ere under cultivation, 57,000 acres were in grass, and 240,()O() acres, 
>r 61 per cent of the whole, wen* in original tinilx^r. The annual 
*ainfall in the basin, as indicated by a single* station, viz, Blowing 
^iock, is about 49 inches, distributed as follows: Spring, 11.3 inches; 
*ummer, 16.2 inches; autumn, 0.7 inches; and winter, 11.8 inches. 
!Tie region is rich in mineral resources, especially in iron and copper, 
bough very little has been done in the way of development. 
The total length of the riv(»r betw(»en the junction of the forks and 
Id town, Va., is about 35 miles, and the average fall per mile about 
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s.r> feet. T\w rivor win<lH its way in narrow gorges formed bytl 
sliuttin^ ill of thf' liillH on either Imnk. Bottom land is Iherefc 
soarre. Tli4» seetioii of Virginia through which this ix>rtiou of 
river flows i.K f liiefly devoUMl to stock raising. The land is fertile 
tlH» soil det'p and of a HMldish color. The region is well settM, 
{x^oph* tlirifty, ami large and well-cult ivat^^nl farms e^in be seeiiev^ 
when*. \Vh4*at an<l other grains are the chief crops. 

During tho investigation a gaging station was esta]>lishe<l (Jnlr^ 
r.KK>) nearOldtown, Va., and two mejisurements weiv made there (f 
tabli* 1h»1ow). M<*asurements were also made of tributaries of 
river lM»tw«»en th«» confluence of the North and South forks and 
town, as shown in the foUowing table. The basins of the North 
South forks are descrilMMl under sei)arat4^ heji<lings, and the nieasui 
ments made on tliose streams and their tributaries are given in 
tabh's on ])ages 172 and 174. 

Dischnnjit ineasnrementn of New River near Oldtown^ Va.^ and of iU tribtitarin 
iH'tin't'n (umfluence of North and South forka and Oldtown, 
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Strvum. 



Lo(;ality. 



•Tuly '> Wilson ('nH?k.... 



i mile-Hal M)ve month 
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Sff.p. 



•60 

m.o 



:a!u 
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1».0 

:.7.i 

l.;*Wl.<' 
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XoTK. hi Tiiakiiii; tli<' iin?a.>^nn>in«*nt.s nM'«)rd<'d in tho al)ovo t^ildo lK?neh marks Wfr»' wtab- 
1i-1i«m1 jind iiw.isuri'iiKiit^ \v«t»' niad«'. l»y moans of a stool taiK\ of the distano«jf from the l>ench 
tii.irk to til.- surfnci' of tli«' \vat<'r. An incrt'a'^o in tlio HTa^fe heit^ht, therefore, means a l«jVfriDf 
ot tin- wat<-r >iii'Ja<-<' atid a <orr»*>ponditiK di"cr«'a-..«' in the dis(diarKe of the stream. the roversooi 
tin- r«'*'Ult'- at tli«- I'l'^'Mlar ^tati'Mi^ of tli** Survey, where jja-^esare installed and where an inrrtA'* 
ii. thf },MK'<' li-'iudit rt'prcsfnts an increase in th<* dis<diarge of the stream. 

The \vat<'i- powers of ;ill of I he stn^anis inention^Ml in the foiv«:oiiiir 
lahle ar<' e.\<'ellent. ;m<l main of th(Mii ]ia\'e alrejuiy been <level<MH'<l. 
At tJH' nioutli (►f Wilson Creek 1h<*re are two mills — tlie lower oiu'Ji 
irraiii null with a fall of 1- feet, and the uppei* one a woolen fai't^)ry. 
owned l)v h'ields it Hash. On Peaeli Uottoni Creek, 2 miles east of 
Independenee, is the gristmill of D. C. Mallory. Tho total fall here 
is about G5 feet. 
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SOUTH FORK OF NEW RIVER. 
GENERAL FEATURES. 

is Stream is formed by the confluence of the East Fork, th(» iMid- 
^-Pork, and Flannery Fork, near Deckhill, Watauga County, X. C. 
1^ Middle Fork, which is the lai^est of tlie thre<» tributaries men- 
iBed, rises just north of Blowing Roc»k, at th(» boundary liiu^ bet wimmi 
■tauga and Caldwell counties, at an elevation of between .'{,7(K) and 
MO feet. The elevation at the junction of tli<^ North and South 
riks being 2,50() feet, the differences in elevation l)etw(»<»n th<^ head 
d the mouth of the South Fork is 1,3(X) feet, the disUmee 4r) mih^s. 
iIb gives an average fall of 20 fe(*t. tx) the mile. As the coui-se of tln^ 
ream, however, is extivmely crookinl the slope is hardly 20 feet to 
Bmile. Shoals and available water powers an^ not numerous on 
e main stream, but on the brancli streams they are mon» fretiuent 
d have l)een more extensively* utilizinl. 

rhe area drained by the South Fork presents a very great diversity 
scenic features. The general course of the stream is parallel to 
8 Blue Ridge. On the north are very high knobs and ridges. Tli(» 
l^est of these is Snake Mountain, 5,594^ feet high. The scenery 
ssented though not rugged is extremely beautiful. The basin of 
B river is for the most part closed, and there are no (extensive 
item lands. 

The proportion of unimproved cleai^ed land in Watauga and Ashe 
unties is small compared with the agricultural lands. On numy 

the mountains the timl>er is practically untouched. The trees, 
►wever, are not of the most valuable varieties. They are chiefly 
aples and chestnuts. The larger portions of the cleared land are 
jvoted to the pro<luction of grass and hay, and conseciuiMitly the 
lifting of cattle and sheep is a most important industry, 'i'he chief 
•ops are corn, wheat, buckwheat, and cabbages, to all of which the 
>il is esiKicially well adapted. Large quantities of ap])les are also 
roduceil. The people are well to do and prosptMous. The region is 
ery healthful ; typhoi<l and malarial fevei*s are unknown. 

No railroad has yet penetrated Watauga County, though a route 
»8 recently been surveyed and a tax voted. The route surveyed 
rosses the Blue Ridge at Cook Gap. Tlu^ country roads are for the 
Jost part good and are being im[)roved and kept open for travel, 
'he turnpike between Boone and Blowing Rock is remarkably well 
faded, and it is possible for loaded wagons to cross the Blue Ridge 
^ Lenoir throughout the year. Lenoir is at present the shipping 
oint for the produce of the county. The people of Ashe County are 
ot so progressive in the matter of road building as are the people of 
''^atauga County. 
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Hoth tin* North Fork an<l the South Fork are at times swollen 
heavy fn^shets, which are often \e^ destructive to crops on 
lM>tt()iii hinds. Occasionally the soil is entirely reniove<l from 
lM)ttoins and the IkmI i-ock exposed. Mon* often, however, where 
current is not very swift, a rich coating of bhick mud from one-1 
inch to 4 inches thick is deposited, enriching the lowlands consic 
ably. 

DISCHARGE MEA8URE1CENTS IN BASIN. 

During the investigation a gaging station was established on 
South Fork at New River, N. C. The measurements made there, 
well as those made at Riverside, also the measui-ements made on 
tributaries, are given in the following table, in order downstream: 

DUcharge measurements of South Fork of New River and Us trUmtaria. 



Date. 
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LocaUty. 


Hydrographer. 
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NoTK. - In making tlie measurements recorded in the above tahlo l)ench marks werv •••'^W'^ 
lished ami mea.sur«-ments were mafic, liy means of a Hteel tai>e, of the di.stance from the bcocD 
mark to the surface of the water. An increase in the tra^e height, therefore, means a lowering 
of the water surface :in<l a corresnondmj^ dt5crea.se in tliedischarj^e of the stream, the rever**- 
the rebults at th«* rej^ular stations of th<« Survey, where pi;;es are installed and where w 
int-rease in ga^e height represents an increjiso in the di.scharge of the stream. 
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WATER FOWSBS IN BASIN. 

ere are a number of aiideveloped water powers on th<' South 
. and its tributaries, the chief of which are the following: 
I the Middle Fork, about 5 miles from Blowiii|^ R(M*k, then' \h a 
)f possibly 15 feet in 100 feet, with a goo<l dam site, thou^li th<* 
e for building purposes is somewhat cramped. On Meat ('amp 
k, at Moretz, there is a mill with a dam about H feet hi^h. On Klk 
k, at Elk Crossroads, there is a small sawmill. The (lisoliarj^c^ of 
stream is slight, but a fall of about 20 feet has Ix^on <)btain<Hl. 
3eaver Creek, at the town of Beavercret^k, is Hamilton's corn himI 
p mill, with a working head of alx)ut 10 feet. 

ear the mouth of the South Fork are the remains of an <>1<1 (hmi. 
site is a good one, a rocrk ledge running entirely across the stream 

high hills shutting in close on both banks. A dam (o feet in 
:ht could easily \ye constructed here. Near S(»ottville the riv<»r 
les an almost closed loop, and it has been proiM)se(l to tuniM'I 
ugh the neck of the loop and in that way develoj) a fall. It is 

that the difference in the elevation of the surface of the watei 
he upper and lower sides of the loop is al)out .JO fe(»t. 
wing to the steep slopes of the adjacent mountains tin* rivi^r and 
iributaries arc subject to floods, and dams an<l buildings for the 
jlopment of the water powers would have to Iw built strong an<l 
itantial. 

NORTH FORK OF NEW RIVER. 
GENERAL FEATURES. 

he North Fork is formed by the junction of Iloskin Fork and 
sli Fork in the extreme southwest(»rn i)aii. of Ashe ( -ounty. 
he character of the region through whieli it flows is nion^ mountain- 
than the basin of the South Fork; tli(» same gen<»nil agri<*ult.nral 
forest conditions prevail here as in the latt;<M' basin. Tlie stn»am 
ot so tortuous as the South Fork, but. its si<le streams an^ more 
lerous and the fall greater. Its total length -is about. .'JO miles. 
! difference in elevatir)n l)etwe(*n its head an<l the junction with t.ln^ 
th Fork at Weaversford is 1,H(H; feet, making tluj av<»ragcj fall jxir 
3 60 feet. 

« main upper branch, Iloskin Fork, ris<»s on the <»ast.orn slope* of 
ke Mountain, at an elevation of 4,300 feet. It flows between 
-ed hills, and its flood plain is very narrow. 

he ratio of cleared to forest-covered land in the watershed is 
mated to be about 1 to 5. The region about the headwaters 
'ery thinly settled. The scenery is magniflcent, especially n<»ar 
ston and Solitude. The cleared land is chiefly devoted to cattle 
sing. 
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lilSCIlAKOlE MEAKl-KEXENTK IN BASIN, 

On July J7. I'.hni. a «ii(,'iiitl «t»timi whs established on 
Fiirk ai Wt-iivcrst'oiil. \. ('. Thi' iiK'iiHUn.>mt^iitM made I 
IIS tlniMc iiiailc ill iiiImt [Miiiils hIoii); llw river, altio thei 
■imiii' on H^ tnliiiliirii-K, niv ffivvii in thv following I 
ilitwiiMrcaiii: 

IH^Iiurifi- miiisiinmittts iif A'ljri/i f\trk o/.Veir River awttl 
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jloso, and a rock ledge extendH acros8 the sti^eani. A fall of 30 or 
feet could readily be obtained. Horse Creek and Ilelt^m (?rfH*k are 
h large streams with considerable fall. No wat(»r jmiwcm-s woi-e 
«rved on the former. A combined Miwmill and gristmill is IcK^ated 
rat a half mile above the mouth of Helton Creek. The fall obtainiHl 
bout 10 feet and the power is developed by turbines. This is also t he 
> of the old Helton iwn works, where hammered iron was formerly 
rked, the ore being obtained in the vicinity. On the North Fork 
mt 2 miles from its mouth is Dixon's corn and flour mill. A dam 
rat 8 feet in height has been constructed hei'e. The flume U^iding 
the forebay is a tunnel cut through a i)rojecting shelf of rock, 
lind which is a mill ho"se. A masonry dam 40 feet high (*ould l)e 
istructed and the power greatly increased. 

STREAMS SOUTHWEST OF FRENCH BROAD RIVER. 

k)uth and west of the region already descril>ed is alarg(», niountain- 
j area with many of the same characteristics. From this tcM-ritory 
w the headwatei's of four of the largest rivei's in the Soutlu^astern 
ktes. First comes the Tennessee River, the basins of several of th<i 
gest branches of which, namely, the Holston, thciJ Watauga, the 
lichucky, and the French broad, have been described in detail in 
B paper. Farther south are the Oconalufty, the Tuckasegee, the 
mtahala, the Hiwassee, the Okoee, and other rivers which enter the 
nnessee and after a long and winding coui-se add their watei-s to 
B Mississippi. (Typical views of these streams are shown in l^ls. 
KXIX to XLIV.) The second large river is the Savannah, which 
ceives numerous tributaries and flows in a southeasterly <lirection 
to the Atlantic. The third stream is the Apalachicola River, which 
ith its chief tributary, the Chattahoochee, rises close to the head- 
iters of the Tennessee and after a southerly course between Gc^orgia 
id Alalmma and through Florida enters the (rulf of Mexico at Apa- 
chicola. The fourth large stream is the Mobile, which receives its 
^adwaters from the mountains of Tennessee* and northern Georgia, 
irough the Coosa, the Conasauga, and the Ktowah, and flowing 
•rough the Stat^ of Alabama enters the Gulf at Mobile. 
Hydrographic studies and numerous nu^asureniehts of discharge, in 
'ai'ge of Prof. B. M. Hall, have In^en made by the United States 
^ological Survey of the headwaters of all of these streams and of 
Pir chief tributaries. Most of the streams rise on the steep slopes 
the mountain sides, at elevations of fr<mi 2,(H)0 to 4,(KK) feet above 
ilevel, and have large falls throughout their courses. In many 
lees the streams flow through mountain gorges with steep, vertical 
es and with very small flood i>lains. 

>nly a small proportion of the region is under cultivation, the 
-ater part being still covennl with the original forest growth, con- 
ting of oak, hickory, chestnut, poplar, locust, pine, buckeye, linn, 
\ maple, sassafras, walnut, and other varVeWes. TYift ^xo\v\i^ va* 
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f'n-ijiH'iiiiy ciivi'ImmI with I railing' arlMnus, maidenhair and uiher 

lViii>. «hM'p-i;ri'i«ii iiio>.s«*s, and a j^ri-at vairiotyof wild tlo\viM"saii<l rare 

iiH-diriiial |daiit>. Thi* I'liiiiati* is mild thnni^liout t1i<* year, iiiakin;^ 

it a tiiir I'i'snrt in w intn* aswidl as in suiiimi*r. Wild aiiiiiiaiN >iichtf 

diMT, lirai'*. ami wolves, oiire so numennis, an» now m*ai*l\ ••Miricl, 

hilt IJHT*' arc >till many wilil-rals, catamounts, minks, fo\<*s. n|K>s- 

snnis. irrnnnd liotr>, poliM'ats, weasels, wild turkeys, ]iln»a**aiit>. sijiiir- 

rcis, ralilMts. 'inalN, rti'. Thi' land now under (Miltivation is pnidi- 

i\illy all fliai i>. availaliN* tor ordinary farming, tlu» remairnl«"r iH-ing 

>iec|i, rork\,antl rn.Lr;r«*d, with only 4ieeasional jmtelifs of ili-cp. fi-rfile 

soil, N«*ar iln» rivrr> eonsiil»»rahle timlM*r has hiHMi eut. Imt llu'liim- 

iM'iinu lia> not <*\t«"n<leil far up tin' mountain sides. .Mi*ati> of tntriv 

jMiriaiion ai<* ••\eiMMlin;;:Iy niea^«M*, tin* .Murphy hraneh iif ilic AilaiiLt, 

Kniiw illc .ind N(M'tlh*rn liailwav In^in;; about the onh outlet. For 

lliis irason tin* few I'armini: jiroiluets llial are raisi»d tvui iini lie 

I ransporird iM'onoinically to the populated distriets. si» that tli«-ifis 

lilt !«■ inei'iiiivr lo airrieiilt ural jnirsuits. Tlie ^reati'r port inn nf ilu' 

irr.iin rai^id is niadi* into moonshine whisky, and the smniner a|»|il<'S 

ai<' lai'.ir<'l\ nsi'd tor ap]d<'-jaek. Wheat, ealdmp's, Irish |nit;il<X'#. 

and i1m* hanlii'i- fruits irrow widl. 

Till' mineral rfsonifrs are praetit'ally untouehed and i'oin|>aratiY«'ly 

unknown. Imt tliev are fvidetitlv imp(U'tant ami varieil. (lohl. <'«»run- 

• • I 

• Iniii. .isliivto^, iiiarhlr, lair, kaolin, oeher, iron, and ini<'a ;in' k!n»\Mi 
'•»«\'^t. Till- wlmji' ri'^i.iii i> >pai*s('ly inhabited. WaltT pnwi'r>.tr«' 
\ii'\ n ::ni«i'»n**, iliniiuli I'l-w ai'c d«>\ I'loptMl. and mo*^! of iIh-m- on niily 
a NMM'i ^«al«-. f«»r Liri^^i mills anil sawmills. Tin* Iar«;e innli-\«*l"l»»'*l 
|i. i\\«i V ,.i; 'hi. in\\.-r pai'i> i)\' 1 Ih* -^t I'rams arc well ilisli-ibute*! aii«l ii'"»' 
\ .'i-y \ ai'iai'l'- lor man ufaeinrinLT purposes. After* ?ln» rivi-rs l«*:iVi' 
iln- Mi«»!i!ilaiii leLiinii aiid llnNN aeross tjif bi'oad, elevated plain>. !:i!'.-*' 
la'U ri-iMjinM! 1\ ni-iMir, **nnie i)\' wliieli liave in reei'iil veai'* Ik-cU 
«ii'\ i-jnjHMl and lia\e pio\«M| in 1m' most lucrative invest im*tits. 

'ri:«- i'*>iili^ nl" 1 In- Mi»'a**m'emenK upon ihe streams in ilii> n-.:i<'!» 
an- L'iveii 'n iln- rolJnwiiiL: tables, arranir<*d in ehromdoixie ordrr: ' 

■ - I F.,t. '^' ■■ 
I ••■ < •••Hi'i-.i< rf".-.. N'i:i!- • .I'r; M i.i. 'ri'ijf. li. M. Hull ;tml 

l'--'- '■ T'- ii ■■ • 'J,-. .•■• 1 i!:ii<'~ .1 ■"•■< I- l;ir»u!]i do 

!>• L.;i.-. r-i.'. i. ii:l.- :n-:. ■.* f:!-.iith <•! T.-liico .. i.U» :*. jn * •• 

II '. .! I.'.'., r 

I'- .''' T:i'!- K.-.r 1 -i.:'!' a" "V iii-».::h ...«!•« 

r.-li •.': W. -.1 I...;...' j.iir.- A: l-ri'iu'- .'i ' .i ■.■;%■■.• nioiith do I i 

I'lu''- I. M \ '■' . 

■ In in. iK. •:..•• !.• n.i .i-ii«n.«Mt ^ !••■■■' r-n <i n. !'!<•*••• rai-li'- '•• u<li marks were ^atablUfbe*! :i!" 
ni- .1 -I :•.!:.<•!. 1-- •.vi* .• nai;.- • •, n-.*- »:.-- ..;' .i ^ti-il t.ip- . i.i :li.- i-taiii-f frcnn tin* tn'uoh mark 1 ■■• 
sur',i.-.- <it II <• 'AtiiM. :\'i !i • ri'.'i-.- :n ' h-- lt.iu''* li«:u'lit. •'•:• '•■■«»■•'. iiioan." ;t loworinjf «»f tho w-it- 
-»uriai«- and a i'"rTi i-jmniiin^' ■h";i.a-. i:. (}■'• di-i'i. a '■.:•• <" ' ::•.• '•tr«-aiu. the* revors<» of tb»? p.'"' • 
a: tli.- n'u".i..!r -tatinn* <»!" ♦•n- Snrv- y. .vh.-'M' irau't-.-^ ai-«' ;i.Hi.i!li-d aiid where an inorcase in !::•• 
}i«..:lit ripn-^i'Ut'' an lui-n a>f m th*- d».*« liarj:'- «•.• th<' .strvaiii< 



J 




EGEE FALLS NORTH C«iR01-VNK 



T.I STRKAMS SOUTHWEST OF FRENCH BROAD RIVER. 
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'harge measurements of trtbutariea of Tennesnee River iwrth of HitraHsee 

River — Continned. 



; 



Stream. 



Locality. 



I^ittle Pitpeon River 



Blast Fork of Little 
Pig^eon River. 

Cosby Creek 

Bi|f Pigeon River — 



At bridge Jnst above junction 
with Weet Fork of Uttle 
Pigeon. 

Near month 



\ Tellico River 



Little TenneHHee 

River. 
Little River 



At month 

At bridge above mouth of 

Co«by Creek. 
At bridge I| miles above 

mouth. 
McGhee.Tenn 



CoUinB River 

Little TennesHt^e 

River. 
Tellico River 



Halfway between Louisville 
and KnoxvilIe,Tenn.,at A., 
K. and N. Ry. bridge. 

McMlnnville. Tenn 

McOhee, Tenn 



Gage ! Dis- 



Hydrographer. 'hellSTt.lcliSSe. 



B. M. Hall and 
assistants. 



At bridge 1| miles above 
mouth. 



do 

do 
do 

do 

do 

do 



do 
do 

do 



Feet. Hec 



2.50 



Estimated. 



IHscliarge measvrements of Hiwassee River and tributaries. 



.'ft. 
1«7 



•30 
flo 

778 

2.58() 

90. KM 

2.0L8 



310 
2.675 

180 



Stream. 



10 



111 
12 



Stanley Cru^k 



Big Creek 

Noontootly Creek 
Toccoa River . . . . 
Skeenah Oeek ... 

Rock Creek 

Cooper Creek 

Toccoa River 






L5 



Mill Creek ... 
Toccoa River 

Suches Cre<*k 
Toccoa River 
Coosa Creek . 



Nottely River 



Butternut Creek . 
Arriuquah Creek .. 

Town Creek 

Stink Creek 

Nottely River 



16 

n 

18 
21 



n 

24 

25 
26 



Wolf Creek 

Young Cone Creek 

Ivy Log Creek 

Nottely River 



Braastown Creek. 
Hiwassee River.. 



Bell Creek 

Hightower Creek 
Hiwassee River . . 



19 I 

I 
30 



Hemptown Creek. 



Hothouse Creek. 

Qreasy Creek 

Okoee River 

Toccoa River 



Williams Creek 
Nickle Creek... 



Locality. 



1 mile above mouth 



Near mouth 

At foot log k mile from mouth do 

At Van Sant*9 bridge ..do 

1 mile above mouth do 

Near mouth do 

Bridge 1 mile above mouth do 

U miles above mouth of do 

Cooper Creek. 

At mouth do 

Just above mouth of Mill do 

Creek. 

Near mouth do 

Just below Suches Creek do 

Bridge about 2| miles from do 

mouth. 
Bridge 1 k miled from Blairs- do 

ville, Qa. 

Juflt below bridge at mouth ■ .do 

At Choestoo road do 

J mile from mouth . do 
mile above month do 

At foot log j ust above mouth do 

of Stink Creek. 

OuHouthsideof Nottely River do 

1 mile above mouth do 

\ mile a tx>ve mouth do 

At Thompson's bridge at Ivy do 

Log, Ga. 

At bridge near mouth do 

Jnst above mouth of High- do 

tower Creek. 

At mouth do 

Near mouth do 

Bridge U miles below Hi- do 

wassee, Ga. 
Jnst above mouth of Young- do 

stone Creek. 

About 2 miles above mouth do 

Near mouth do 

Parksville, Tenn ; — do 

U miles south of Gaddistown, do 

Ga. 



Hydrographer. i^S^t. dSi'*^. 



a M. Hall and 

assistants. 
...do 



{ mile south of Gaddistown, 

Ga. 
i mile south of Gaddistown, 

Ga. 



do 
do 



Feet. 



5.05 



1.45 



1.21) 



Sec.' ft. 
49.0 

86.0 
207.0 
2,475.0 
109.0 
132.0 
387.0 
306.0 

12!. 
43.0 

64.0 

175.0 

75.0 

4o0.0 

.12.0 
40.0 
85.0 
4M.0 
131.0 

55.0 

94.0 

33.9 

616.0 

149.0 
152.0 

24.0 
116.0 
306.0 

159.0 

75.0 

88.0 

1,6(^.0 

67.4 

22.8 

12.8 
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17s Sdl-THKKN Ari'ALACHIAN MOrNTATN REGION, IT. IT. ?».l 

liisrhttrijr iHitisHrnni'iits o/ HhniHHet' liiiyr tinul trihiitarits — (rontinned. 



rial* 



• ■ 


111 11 




I).. 




ho 




Ix. 
Do. 


-^ 


MK' •;! 




h<. 




I).. 




Do 


a\ 


»!■-.' :5J 




D.. 


* ■ 


Hi.'- 'M 




1^. 




Do 




Do 




Do 




Do 


«\ 


n\i. ■:: 




D.. 




■ ► 



^'tn-aiii 

['■"••■■n IJiViT 
Mil l:i"» < 'n-i'K 

('iNi|i.>i- 1 "ri-.-k 

Mnlky <'n«*k ... . 
Notti'lv li'ivi»r . .. 

• bri-toplnM' ( "n-i-k 

.\ri|U<|ii.-ili i "n-i-k 

I'-Hiii < 'n-i'K . . . 

Striik i "n'-'k 

I '111 ■«■••!■ ■•• I "ffi'k 

Mi!l.Ttn-.-k 
]>i-as><lo\vri « p'l'k 
l^oiii; liiillft ('p-fk 
H)-:; < n-i-k 
l!iw;i>.^«'«- llivi-r 
KiMhli-r* < r iM'k 

Ciiiili • vi-i'k . . 

''■.""' (■•■•■i. 

I : .' • i ' -.r ! ■ M' ' ■ « I « 'I ■ k 

\V.-.. ■. •■[• » I I-' k 



Lfwality. 



H>-.lro^:rai.hr.r. ^'.^^f^ , ^' 



]V M Hall aiKl 
«lii 



.•lt> 



miU* w»ntlji;aHt 'if (iaildis- 

tuwii, (ia. 
1 initio nortbeaxt of (-Sadtlis- 

town. Oa. 
N<Nir fork betw»H?n (laddivi- -.. •!•» 

town and BlaintvUIf, (ia 

tin *. «lii 

I iiiilr Hiiuthweht of Blairs* .. . ili> 

villc. (4a. 
'J; iiiil(>H MiuthiviHt <}f Blairn- . .. ilo 

villo. Hn. , 

;t, iiiiU'N Miuth«-ai9r of Blairs- .. .d«i 

lilli-. (iu. 
li iiiilfs HiiathoaHt <if BLiirs- 

vill.-. (ia. 

Nt'Jir t "lun'Mtri*''. (la do 

."»! niili'M Hiiuthcast nt I'hoc- do 

SttH*. (ill. 

1 inlii< iiortlif*aHt of BIaln»- ; — do 

villi', 4*a. 
Ij mill's sonthwoNt of Youhk ; do 

:tiiiili's ixirthwest of Iliwa8- do 

s(f, iia. 
\\ mile*! northwest of HiwaA- dn 

M'l*. (ia. 
1 mil»» iii>rtbwi*st of Hiwas- do 

HOI'. (la. 
'A milet NfiiithiNUft of Hlwas- , di* 

Hi>«*. (la 
:i mill's imrtb of Mountain do 

Srem*. (ia. 
L' miles north of Moantain do 

Hr«-ii«. (la. 
4 mill* north of Mountain do 

I mill* iioi-tli of Mountain ... do 

Si-i'|i«'. 1 ill 

^ iiii.i-^ t I'oiii iiioiith d«i 

'.' !ir.Ic> ] rom moutli d«) 



/Vef. 



Seti 



SLI 



I--' 



SV.9 
«.0 



'ICstimateii. 



I tt\,liiii>/' iiintsiin im itts Iff' l>uck and F.Ik ruTrs, 'J\:mnss»i\ 



I ■ I 



>: I •Mill 





" 1 






[■■ 


'l ■■ 


! M iv 


[.■:-..r 




; '.- 


1 \ I: 


■, . r 


.\ '. 


I !'.' 


1 ».;■ i; 


i;i\. r 



L«H-ality 



< 'o'.urn'f.i:!. Ti'iiii 

l':i\ ■•: ttvillo 'l"rnn . ... 
« '•.luiii!i a. 'ri'iiu 



lb 
H yd n »k'*J» I'li*^''* . b.inf^ 



Max Hall .... 

.. . . d«> 

....tlo 






Ih^rli.in/i nniisnii iin iit> nf t rihufii rits af S(H*a)nnih Rirrr. 
I 'I'.. ^tr.Miii. L.v.'i'.ity. Ilydrographer. n^»i7lit.ct.irK'«- 

\|.T :.'i li.-.:. l;i\.r . '. iiiil--^ northw.-st of Cal H. M. Hall and 

li'i!iii Tall'*. S.c assistants. l^ i 

.\i. ; 1' ill' «!o ... ^ do _ --• i,i7 ■• 

All.- 1.; Litt i.- |;:v. r . ... 'i inMi-, \v.'-t of ( 'aihoim Kails. ' do I ■'^ 

>^ t"- 71." 

.-••,!. ".II >ti;K-i:i t n-i-k .... •,' null-' s. lilt h ol < 'lavtoii.i.Ja . ...do , 7.'J 

I'.. .M I'lo.'k -l.) <io I I'lVJ 

<><•; !:• Tiu'i-iM r«"k Tilliilah I'alN. <iii.. niilo do 

alui\ I- iiii.i.t h. 



i.i,. 

* ■■■■■ 

si 






i! 



I 



t 



f 



r 



;! 



*^ 



IT.] 8TBXAMB BOUTHWXBT OF FBENOH BSOAD BITER. 

Diteharge meaaHremmta of Flint Miver and trUmlarU*. 



, ElnehafooiiM Creek Albany.Oft. 



BlneHprlDB C'Tepk..> 4 mile* below AlbMir.Ciii 

. Kiachmroonee Cnak ' AltBnT.Oa 

Huckalee Creek do 

Flint Klver 1 mile wnith of UnDtaznma. (Is 

KlucbaCoonea Creek I Allaoy.Cht- 



"■t& 



Diadtarge nieontremenfa of Chattahoochee River anil trihulariM in Georgia. 



Jan. T NuiCTeCreek 

May IS . Sveetwftter Creek 
JdiwA ) CliBttBhoocliee RlTt 

Oct. S4 , BBldridgeCreek... 



ID Peachtree road. 



Diachargt nuaauremetil* of Chattahoochee River and Iributarie*. 




180 SOUTHERN APPALACHIAN MOUNTAIN REGION, FT. II. l» 
Diacharge vieasurenientH of Etotcah Rix^r and tributaries. 



Date. 



1901 
Jan. 7 

Jan. H 
D<> 

Do 

Do 
Do . 

Do 

D«» 
Jan. U 

Do 
Jan. 10 

Do .. 

fan. 11 

Tan. 17 

Do 
Jan. 18 

Do 
Jan. lU 
Au«r. 31 



Stream. 



Locality. 



Willleo Creek 

Coopers Randy Creek 
Soath Pronic of Lit- 
tle River. 
North Fork of Lit- 
tle River. 
Smithwick C^reok 
Buzzard Flop per 
Oeek. 

Boardtree C>e<»k 

Hettingdown ( 'rnek . 

Etowah River I 

Yellow Creek ' 

Ami(*alola Hiver . . . 
EaAt Amicalola ■ 

River. 
Nimblow ill Creek... 

Ktowah River 

(\)ghurri» <'rn«*k 

Etowah River .* 

SettingT'lown CYoek .: 

Boar<ltree Creek 

Willieo Creek 

Etowah River 



i mile above month 



1 mile north of Crabapple, Ga . . . . 

2 miles south of Freemansville, Ga. 

2 miles north of Freemansville, Ga. 



Hydrographer. 



1 



I 



B. M. Hall and 
assiBtants. 

...do 

...do 



!* 






do 



i mile east of Orange, Oa do 

'A nules east of Orange, Ga ' do 

I mile south of Creighton, Ga ! do 

(!reighton.Ga do 

\ mile north of Hightower, Ga do 

rt miles northeast of Hightower. Ga do 

Afton, Ga do 

Weir, Ga do 

1 mile south of Randa, Ga do, 

5( miles east of Randa, Ga i do. 

1 j miles above mouth do , 

Hightower. Ghi do 

mile above mouth do 

.-..do 
...do 
....do 



1 mile south of Creighton, Ga. 

I mile almve mouth 

1 mile west of Aurarla, Ga 



IHschanje meaimrementf» of Cahaba River and tributarien. 



Date. 



IIHU. 
Tail. :.*s 
Jan. i.".* 
Miir. > 

!»u . 
Mar. '^.i 

Dr. 
Apr. :.':. 



Stream. 



Locality. 



Hydrographer. ^ 



' St 

Hawkins Spritipr -- ] mile from Hawkin.s Station K.T. Thoma.«? ....' 

rahahu liivrr Sydcnton, Ala .. do J 

ValhyCnM'k A'(l.i«'r.s Station, Ala J.R.Hall I 

1jI<m-i«)ii Creek HI<M-ton. Ala do 

Cahaba Kivi'r i niilt* south of Syd»»n ton Station, Ala do l. 

liu«k Creek .' mile alM.)ve mouth do I 

Cahaba liiver ~* inih'N «'}i.st oi llarroU, Ala do 8,.' 



Disrhnnjr mrttsun-jnciits of Toinbkjlx'e RixHir and tributaries. 



Diiu 



UKil. 



Feb. 


ir, 


Feb 


is 


Mar. 


7 


Mar 


11 


Apr. 


i:. 


Apr. 


l*-> 


.Junt 


'y> 


Oct. 


:U 



Stream. 



Tombi(Tl)oe River 
LuxaiK-'lila Creek 
Yalabu>-ha I^iver . 
LuxaiM»Iila Cr<>ek 
Bip: iilaek liiver . 
Lu-xaji lila Creek 

..<lo 

.... do 



Loeality. 



Hydrographer. ^^ 



Wavorly. Miss 

Columbus, Mi.ss 

(trenada. MiH.s 

Columbu.s. Mis.s 

1 mile east of (iood man, Mis;s do 

Columbu.s, Mis.** do 

.- -do , do 

do ; do 



K. T. Thomas. 
..--do 



do 
do 



Sec 

6 

1 

2 



Dischanjc ineostiretncufs of tril)ntarics of Mississi])])i River, 



Date. 



UX)1 



.'Stream. 



Lo<'ality. 



Hydrographer. ^.|„^ 



FeK It Sunflower Uiver .. | Baird, Mis.s 

Feb. ]'i ' SakatoU('liee River MIkwu Valley, Miss 



Sec 



K. T. Thomas. 
do 



anr.] 8TBBAMS SOUTHWEST OF FRENCH BROAD RIVER. 
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Discharge measurements of Tallapoosa River and tributaries. 



Stream. 



TaUMMXMa River 

WindCreek 

Saugahatcbee Creek 

Blue Creek 

Chenehatchee Creek 

Kowaliffa Creek 

E^uckfaw Creek . . . 

Mooree Creek 

GhattahasiM Creek . . 

CohoaeoncRa Creek. . 

Hiirbpine Creek 



Bearerdam Creek . . . 
Comhoaae Creek .... 

Wildcat Creek 

Tallapooaa River . . . . 



Crooked Creek 

Hurricane Creek... 
Tallapoosa River . . . 
do 



Locality. 



2 miles from Tallapoosa, Ga 

About 4 miles above month 

Thaddens,Ala 

Jmile f rom Snsanna, Ala 
miles above mouth 

Kowaliga, Ala 

NearZanaP. C.Ala 

U miles north of Dudley ville, Ala . . . . 
1 mile south of Patillos croasroads. 

Chambers County, Ala. 
Si miles below and west of MiUtown, 



i mile south of Chambers and Ran- 
dolph Countv line. 

1 mile north of Lovina, Ala 

Near Level Roads. Ala 

NearOay P.O., Ala 

About 3 miles below confluence of 
Big and Little Tallapoosa rivers, at 
Blakes Ferry. 



1 mile north of Almond, Ala 

Near Tallapoosa, Qa 

do 



Hydrographer. 



max Hall 
J. R. Hall. 

do... 

do.... 

do.... 

do.... 

do.... 

do 

do.... 



.do 

.do 

do 

do 

.do 

.do 



do.... 

do.... 

Max Hall 
do.... 



Dis- 
charge. 



Sec. 



& 

66 

463 

117 

80 

164 

113 

29 

208 

122 

89 



ao 

31 

as; 

2,400 



183 
29 

119 
96 



Discharge measurements of tributaries of Coosa River in Alabama. 



e. 


Stream. 


Locality. 


Hydrographer. 


Dis- 
charga 


I. 
5 
16 


Choccolocoo Creek . . 

Big Wills Creek 

do 


Ik miles north of Jenifer, Ala 

2 miles north of Attalla. Ala 


J.RHall 

F.A.Murray 

.. . do 


Sec./t. 

1.17U.0 

107.3 


) . 


do 


106.8 













Discharge measurements of tributaries of Oostanaula River. 



StreanL 



M onntaintown 
Creek. 

BlUJay River 

Oartecay River 

do... 

Anderson Creek 

Tickanetley River . 
Jacks River 

Conasauga River . . . 

Sheets Creek 

Sumach Creek 

North Prong of Su- 
mach Creek. 

South Prong of Su- 
mach Creek. 

Mill Creek 

Holly Creek 

Rock Creek 

Talking Rock Creek 

Talona Creek 



Locality. 



3i miles from Ellijay, Oa 



Ellijay, Ga 

do 

Cartecav, Ga 

1 mile above mouth 

1 mile above mouth of Anderson Creek 
Near its junction with Conasauga 

River. 
1 mile above mouth of Jacks River. .. 

Just above mouth 

At junction of North and South 

prongs. 
Near junction of North and South 

prongs. 
do 



Near Dunn, Ga 

Near Fast Mountain, Ga 

Ramsay, Ga 

Talking Rock, Ga 

i mile above mouth 



Hydrographer. 



B. M. Hall and 

assistants. 
do 



do 
do 
.do 
.do 
-do 

do 
.do 
.do 

do 

do 

do 
do 
do 
do 
do 



Dis 
charge. 



Sec./t 
162.0 

165.0 
250.0 
207.0 
37.0 
43.6 
186.0 

119.0 
12.0 
68.3 

19.8 

38.5 



41.8 
107.0 

41.0 
216.0 
714.0 






) I 



f 



liNDEX TO PAPERS NOS. fiti AND 63. 



A. 

A1>be. CleTeland, jr. , acknowledgments to 11 

Affricaltnre, extent and character of — .10,41 

A"«**'a^if>^*^ River, measurement or 180 

Anderson Creek, measurement of 181 

Axmrat Hirer, features of 109 

measurements of 164 

Arququah Creek, measurements of 177, 178 

Atcheson Creek, measurements of 62 

ATery Creek, measurement of 128 

B. 

Bald Creek, measurements of 100 

Bald Mountain Creek, measurements of. 100 

Bkldridge Creek, measurement of 170 

occurrence and character of 20-21 

occurrence and character of 26 

fir (wind-dwarfed), view showing 26 

BsdAam Mountains, features of 13 

highest x>eak8 in 14 

Bark industry, extent and injury of 26 

Bean Creek, measurement of 179 

Bell Creek, measurement of 177 

Creek (Middle Fork Holston), fea- 

turesof 77 

measurements of 73 

Creek (Nolichucky), measurements 

of 108 

Creek (North Toe), water powers of 1 13 

Bearer Creek (New), measurement of. . . 172 

w«ter power on 173 

Creek (Nolichucky), meanure- 

mentsof ^ 106 

Creek (North Toe), water powers 

of 113 

Bearerdam Oeek (French Broad), fea- 
tures of 135 

measurements of 12H 

Bearerdam Oeek (Laurel Fork Holston), 

features of 65-66 

Bearerdam Creek (South Fork Holston), 

measurements of 62 

Bearerdam Creek (Tallapoosa), measure- 
ment of 181 

Bearerdam Creek (Watauga), features 

of JW-03 

measurements of 86 

Beech Creek, features of 92 

measurements of 86 

Heidelmans Creek. See Sinking Creek 

(Holston). 

Hiff Creek (French Broad), features of. . . 129 

"Big Creek (Hiwassee), measurement of . 177 
BifiT Creek (Nolichucky), measurements 



l*HKr. 

Big Black River, measurement of 180 

Big Bugaboo Creek, measurement of 1C4 

Big Dry Run, moasurenipnt of 86 

Big Elkin River, features of ir.7 liW 

measurements of 164 

Big Ivy River, meaHuremen ts of 128 

Big Laurel Creek (Fronch I^roa*! », f<»ji- 

turesof i:a» 131 

measurements of 128 

Big Laurel Creek (New), measuromonts 

of 174 

Big Pino Creek, features of 131 

meaHurements of I*.*8 

Big Pigeon River, moasHmuont of 177 

Big Rock Crock (Nolichucky >, ni'-iisurc- 

mentsof HW 

Big Rock Creek (North Tt)0), features 

of li:i 114 

Big Willy Creek, niea.surenients of isi 

Black Mountains, features of 13 

highest peaks in 15 

lumbering in 28 

name of, derivation of . 21 

view in IV) 

Blevins Creek, measurement of .si 

Blocton Creek, measurement of 18<) 

Blowing R(K'k, N.C.,e8cariiment ..( Blue 

Ridge at, view showing 16 

Blue Creek, measurement of isl 

Blue Ridge, escarpment of. view of 16 

featuresof 1:2 15.17 

rivers rising in 17 

Blue Spring Creek, mousuromerit of 179 

Boardtree Creek, ineasureinouts of 180 

Boone Fork of Watauga River. f«'atures 

of .• !K l»r) 

measuremtints of 86 

Bowlems ('reek, measurements of HI9 

Boylston Creek, measurement of 128 

Brauch.L. V..ackuowledgm«*nts to 11 

Bra**8towu (?reek, measuremonts of — 177,178 

Broad River, drainage basin of UW-UO 

features of ID 

forests in ba.sin of 14/) 

measurements of — 141 

minerals in basin of 140 

rainfall in biusin of 110 

tributaries of, features of 143-146 

tributaries of, measurements of 143 

water powers of 142 

Brown Creek, measurements of 100 

Brush Creek (Nolichucky), measure- 

mentsof 108 

Brush Creek ( Watauga), features of 87 

measurements of 85 
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( New), measorementB of — 170, 172 

poweron 178 

(W*tanga), features of 9\-9& 

rementsof W 

f 90 

(Watauga), North Fork, meas- 

atsof m 

(Watauga), South Fork, meae- 

•mentsof 86 

(Tadkin), featuree of 165 

Ksoremcnts of 164 

N.C.Tiewof 90 

>eek,iiieasaremeiit8of 100 

measorement of 178 

Creek, measurement of 100 

rer.messnrementof 181 

mpany, forests of and lumber- 
by 27 

' Creek, meanarement of 181 

rer, measurement of 143 

:tentof 20,31-32 

of , Tiews Bhawing 32.34,148 

ver, measurements of 180 

iriem of, measurements of 18t) 

F. 

, measurement of 1«% 

e Creek, features of 62 

■ementsof 63 

»wn Creek, measurement of.. . 178 

ruction by 29-30 

d River, features of 143-144 

■ements of 14JJ 

I'eek. features of 58 

rementsof 63 

er,feataresof 168-160 

rementsof 164 

g.Tenn., features of 82 

^ork, measurements of 172 

k (Chattahoochee), measure- 
Qtof 179 

(French Broad), features of. va-VSH 

rementsof 128 

r, measurements of 179 

iries of, measuremen ts of 179 

itructionby 82-4B 

of 32-33 

of, Tiew showing 34,106,14S 

eek.measuremoDtof 178 

ek, measurements of 86 

etructionof 26-27,28-29 

and character of... 20,21.26-30,82-83 

29-^30 

.f 31^ti 

(howing ao,2« 

3k, measurement of 86 

k, measurement of 178 

. measurements of 170 

oad River, drainage Ijasin of. 116-12:) 

»of IH 19 

•ementsof 124 

linbasinof 12:J 

s southwest of, features of . . 175-176 
3rtation facilitieH in basin of . . 124 

iries of . features of 129-i:J5 

dries of, measurements of 127- 128 
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French Broad River, views of 120.124 

water powers of 126-127 

French Broad River, Ekuit Fork, measure- 

mentof 128 

French Broad River. Middle Fork, meas- 

urementof 128 

French Broad River, North Fork, meas- 

urementsof 127 

French Broad River, South Fork, meas- 
urement of 128 

French Broad River, West Fork, meas- 

urementsof 128 

O. 

Oaging stations, location of 85 

map showing location of 14 

Oap Creek ( New ), measurement of 172 

Qap Oeek ( Watauga), features of 88 

measurements of 85 

(Geology, features of 1&-17 

Gneiss (decomposed), erosion in, view 

showing 82 

Grandfather Mountain, elevation of 158 

features of 21-22,81^82 

forestsof 21,26 

views of 22,26.38 

Grandmother Mountain, elevation of 153 

Grassy Oeek, measurements of 108 

Graves, E., acknowledgments to 11 

Greasy Oeek, measurement of 177 

Green River, features of 145-146 

measurements of 143 

Grose Creek, features of 68 

measurements of 68 

H. 

Hall, B. M., acknowledgments to 11.175 

Hall, J. R., acknowledgments to 11 

Hall, M., acknowledgments to 11 

Hall, W. E., acknowledgments to 11 

Halls Creek, features of 75 

measurement of 73 

Hard woods, occurrence an dchara4rter of. 26,28 

Hatcher Creek, features of 56 

measurement of 63 

Hawkins Spring, measurement uf 180 

Hayes Creek, featurcH of 132 

Hazel Creek, measurement of 179 

Helton Creek, features of 175 

measurements of ... 174 

Hemptown Creek, measurement of 177 

Henderson County, N. C, featurtw* of . . 117-118 
Hensons (^reek iNolichucky), measure- 
ment of 100 

Hensons Creek (North Toe), low-water 

flow of 113 

water p<iwer« of 113 

Hickory Nut Cr<»ek, measurement of 143 

view of.. 140 

Hickory Nut Gap, N. C, view of 140 

Highpine Creek, measurement of 181 

Hightower Creek, measurement of 177 

Highways. See Roads. 

BillHido slopes, agriculture on 29, 80 

Hillside wash. See Erosion. 
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HoIUm CrMk, MMMOWMBt or ... 

Bollov Popfar Ormk^ fMfrw or.... .... 110 

HoDy CHofc, w— wrimMit ojf Itt 
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BatofeooBtT«r,«grioaltat«lBlMMtaio(... 41 
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tmtatm or IB 

InmlMr Sb bMin oT 41 

mlnonliUilMMtaioC 41 

ralBfaUlalMMtaioC 40 

traanortellaii teflOtttM in ImmIb or.. 41-41 
Bolitoa Utw, MUdte FVirk, dnlM«B 

bMfaior ..._ .^. •-M 

111— ■meuiwiU oC ^ 10 

trilmfcvlM of. faatarot or^...«. .. T447 

tribateriw of, me—uwiBonti or IS 

witor iMiwnn of......... .... .......... 

BolaCaii BItw, Bonfh Fork, dntaMV* 

bMin oT 

fUlorilQpeor .• 40 

fomti in ImmIii of ............... ....M 49r 

mMraremonte of 40 

minenUa In bMlii of 4T 

TAinfall In buin of m 

tranHxmrtation facilities in biMin of.. 47 

tributaries of , foatures of 53-40 

tributaries of, measnrementH of .. . ri:),6d-43 

water powers of 48-68 

Hominy Creek, ineasuromentH of 128 

Horse Creek (New), measoremonts of... 174 
Horse Creek ( Nolichncky), measare- 

mentsof IW 

Hothouse Creek, measurement of 177 

Hot Sprinflr8,N.C., features of 121 

HuDffry Mother Creek, features of 76 

measurements of 73 

Huntsdale, Tenn., development of 28 

Hurricane Creek, measun*ment of 181 

Hnttons Branch, features of 75 

measurements of 73 

I, 

Indian Creek, features of 54 

Ivy Log ( 'reek, measurement of 177 

Ivy River, features of 132-133 

J. 

Jack Creek, measurements of 108 

Jacks River, measurement of 181 

Jacobs Creek, features of 60 

measurements of 68 

Jarrett Creek, measurement of 161 

Jim Scot Branch, measurements of 68 

Jonah Creek, featuresof 68 

measurements of 63 

John River, features of 157-168 

measurements of 15S 

Johnson OonBtyCoTerfeatarea of 96 
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PimSf BMMimiBMit or.......w 

Little River (Etowsh), North 

moaaoremeni , 

Llttlo River (Etowah), Soatli 

moasnrement of 

Little River (Prench Broad), 

mentsof 

Little River (NewKmoaanrenMntsor.. 
Little River (Savannah >, i 
Little River (TPenneaMO), 

of 

LitUe Bald Moontain Creek, 

mentsof 

Little Grabtree Creek (Nolidiadki 

measurenkents of 

Little Crabtree Creek (Soatb Toe), ft 

turesof 

Little Doe River, featnreeof 

measurements of 

Little Elk Creek, measurement of 

Little Pigeon River, meaanrement of.. 
Little Pigeon River, East Fork, meami 

mentof 

Little Pigeon River, Weat Fork, measm 

mentof ; 

Little Pine CYeek, features of 

measurements of 

Little Tennemee River, meosureineii 

of 

Locust Creek, measurements of 

Long Creek, features of 

Long Bullet Creek, meaanrement of ... 
Louis Fork of Tadkin River, featutes ol 

measurements of 

Ijower Creek, features of 
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Vngv. 
l'l..'iMiii Kii(K«t rnM'k ■ North T«i«M. fi'a- 

tiiri"s«»f IW ) 

I'iiH'liot. iiiffiirU. ri'fiTi'Mro to 25 

I'liif. fon-Nt of. vii'W HliiiwiiiK — dfi 

IM.'iiit ifriiwiJi. rharui-toruiHl oxti-iit 'if... 31 

•It'iiHity itf. vii'W Mhnwiijjf — 30 
IMumtn'f t'rt'fk ■ Nnlirhurky ■. iiit^sure- 

lllfllt nf IW 

Pluiiitn-i* Cni'k • North T««', wftt«*rii«>w- 

iTHof llJi 1 

rmiier ('n"«*k. fi'iitun»H <tf «W | 

iiiHa-Miin^iiu'iitH of <!3 . 

Piililar. fi»ri'ht «if. virw Khowlnj? 1>1 . 

iH*i-urn»in»«» of 27 

PiiwilfrTiiill <'nN'k. f»«utiinfHof — 1]3 

rriitlii'r <'n*«'k. iiii-uMun-ini'iit of 17:! 

Pr«M'iiiitatioii. f\iitiit hiuI <'hura«*t4frof. .. iSi-Si 

I*rii-i« ('n-i'k. iiii*astir«>iiteiits of lilM 

I*iil|i imIIIh. w«mm1 rut fi>r ^ 

Pu/./.li* Cn-fk, iiii'a-ur(>m«Mit of 143 

U. 

liailroxulH, iiaini'H ami location of 3U, 

;ri.:rr.aH,a»,47.r<«.H:i 

.St »■ ii/sif TraiiHjMirtution. ' 

Uaiiifall. N" I'rt*ci])ltatioii. 
KiMiilio KiviT, ffatnrt'Hof Ifitt 

iiiraNiiri'iiifiitM of . IM 

K<»*Hly Ihitch CriH'k, iiioaMin-inont of 143 , 

Kii'iiiH (Yfi'k, fratun*H of IXi 

nK'iiMun'iiH'HTrt of ISh , 

HJi'MlinluihlroiiH. iMcurrt.'in*<» and chara**- 

tiTof ail 
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l:i.l:l.m.| NalL-y. \ i<'\v Ml rJX 
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St. (^lair Crrek. f<*atnrofl of .. 

inoaHun'inonts of 

SakaUmchct* Rivor. i»(*asurezui*Dt of . 
Saluda River, featun»8 of 1'.»-3».13 

mi*A8ureincDtH of 

trilmtArifS of, in<>aMnr(.'nientH of 

Sand depoaits. vii'Vi'M Hhowln^ 

Sandy mush Cn'ek, ff.'atarvs of 

mt^asnri'xnonts of 

SAnt«'0<'r«*«k. ineaHuroxnoDt of 

Saiiphin* I'ountry. X. <'., topifn^phy in. 

riew Hhowinic 

SauNrahatchoc ('ro<fk, meaauriMuent of 
Savannah River, trilmtaries of, nieaNni«- 

montH of 

Sawmill and gnstmill, r^mbined, view 

of » 

8<'adin, R. H.. a^-knuwlc^linnontH to n 

Scenery, features of SMI 

S4}cond Broad River, features of 144-MI 

measurcment.sof W 

SettiDKilown Crook, meajturementM iif . . W 

Shady Valley. f«»ature« of 3»,»« 

Sharii Creek, features of SMI < 

measuri'ments of B 

Sheets Creek, nicaHureineut of ..-• M 

Shell (?revk, inea-HuriMnent of ft 

Shelton I^nrel ( 'reek . f eaturen t.f W 

Shoal Crt^ek, moaHuroment of .. II* 

Shutin Creek, features of l* 

moaKurenient of tM 

Silv»'r ('r»*ek, im^aMun'mfiit"* of 151 

Sinkiu^f ('r»M»k tS«>uth Fork IIoNinn . f*'.i- 

tU VV.fi of . . . ■V-'h 

mcasun'montKof ^ 

sin'kin^; Cn^'k ( Wataujra'. f«*atiiri'>«»!" ^ 

ni«"ju<un*m«'nts of * 

Sink**. «M'<Mirri'nf'i' and li':it'.iri'> of :2i. RT^.^?* 
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Ski'onah t'rook. iin'iLMiri-iniiit "l 

Skyuka Falls. X. ('.. vn-w ol 

Sniithwifk CriM'k. nii'a'^uniniMiT i»f 

Smoky Mountains f«'aturi".-» or 

hiijlu'st iHVik.>« in — 

Snow ('nH?k < Xoli«"hu«*kv ), iiioa"*nn*iU''nt 

of ■ 1* 

Show Cn**'k iNorth T«>'), watiT itowor- 

of "5 

Si til and vo^etatiou, rharac-t«T anil i'Xt«-nt 

„f III. "3 

S(Mjui» l{iv«'r. nu'anurt'nuMit'i of 1"* 

South Hranch or Fork of any sln-ain. ■-' 

tin* HtriNim. 
Soutli Indian ('ro«'k, feat uiH's of 1'" 

iiu'asuri'nn'nts ol ... 

iri** 



South Saluda liiviT, li-atui'i's of 



m•'a•^ur^■ml'n^^■ <»f 

Si)Utl> Toi- Kiv«T, IVaturt"."- of 

nn'asurt'nu'Mts of 

Spla^^h dam. viow of 

Siirinu' <'n'»'k ■French Brojid ". ffaTun'!« 

I if - .... — ■ 

mi-a-'Uri'Mi'Mit*^ of 

Sjij-iiiu' <'r«<-K 'Si.utlj Fork Hob*t«»nj. ft'O 
turi's uf ............••.•••• 
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: (South Pork Holston), 

itsof 63 

rrence and character of.. . 19, 

21,9»-4(),8S 
!7. C, ro«d near, view of — M 
«k (Nolicbncky), meamire- 

of IW 

eek (North Toe)« featiirea 

113 

k, features of 7«-77 

oaent of 73 

ek, measorement of 177 

.features of 157 

tmentof liS2 

)k, measurement of 17K 

:, measurementH of ]77, 17H 

ig, extent of a»-;n. 41,47 

}.,acknowledgmentHto 11 

k ( Wataaga), featureB of HO 

»mentsof 86 

k(Tadkln). features of Itt6 

ementaof Itt4 

r, relation of forests to ao,:n-3;) 

Asnremen t , methods of 34, 48 

ek, measnrements of 177,178 

ntain, elevation of 153 

eek, measurement of 181 

Bi ver , measurement of 1 80 

b Bapids, view of ^ — 118 

I River, measurement of 128 

I Biver, North Fork, measure- 

itof 128 

r Oeek, measurement of :. . . 179 

T. 

Kdc Creek, measurement of . .. 181 

River, measuremen ts of 181 

ries of, measurements of 181 

lek, measurement of 181 

:, measurement of 179 

er , measurements of 176, 177 

ire, variation in 22-38 

River, features of 17-18 

ries of, measurements of 176-177 

Oeek, East Fork, measure- 
its of 179 

■eck, features of 57 

*ement of 53 

c Creek, measurement of 109 

Creek, measurements of 106 

ITreek, measurements of 174 

powers of 174 

y River, measurement of 181 

k, measurement of 178 

)r, measurement of 143 

rer, measurements of 177. 1 78 

measurements of 108 

3 River, measurement of 180 

ly, smoothly rounded, view 

wing 24 

)^k (Hiwassee), measurement 

177 

»k ( Watauga ) , f eat u res of 01 

rementsof 86 

ation, means of 47,68,83 

o Railroads. 



Transylvania Oranty, N. C.. f««ature8 

of 116-117 

Tuokaaegee Falls, view of 176 

Tuckaaegee River, view of 176 

water-iK>wer development on, view 

of 178 

Tucker Creek, measurement of 128 

Turkey Creek, features of 134 

measurements of 128 

Turkey Cove Creek, measurements of . . . 151 

r. 

UnakaMouutainis features! if 36-^ 

Upper Cre«?k, features of 15<V-157 

measurements of 151 

Upper Laurel Creek, meaHuremontH of. 86 

V. 

Valley Creek, raeasureiuent of 180 

Valley of Blast Tennes«»e, features of. a>,:ftU'W 
Valley River Mountains, mean elevation 

of 13 

Vegetation and soil, cliaracter and extent 

of 'AyAii 

W. 

Wahoo Creek, measurement of 179 

Walker Creek, features of 75 

measurements of Td 

Walnut Creek, features of 132 

measurements of 128 

Watauga Lumber Comi)any. forests of 

and lumbering by 27 

Watauga River, drainage basiu of 77-81 

features of 18 

measurements of 83-84 

minerals in basin of 83 

rainfall in liasin of Ml^82 

springs in basin of. 82 

timber in basin of 82-83 

transportation facilities in liasin of . 83 

tributaries of, f eatu res of 87-95 

tributaries of, measurements of 85-86 

water powers of H4-85 

Water resources, features of 17-20 

Wateree River. .SVe Catawba River. 
Weaver Creek (Hiwassee), uieasuronient 

of 178 

Weaver Creek (South Fork Holston\ fea- 

turesof 55 

Wedstone Creek, features of 68 

West Branch or Fork of any stream, see 

the stream. 
Whitooak Creek (Broad), measurement 

of 143 

Whiteoak creeks (Nolichucky), measure- 
ments of 109 

Whites Creek, measurement of 179 

Whiteside Mountain, features of 22 
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LETTER OF TRANSMITTAL, 



Department of the Interior, 
United States Geological Survey, 
Wa^hinyton^ D. C, December 30, 1901, 

SiR: I have the honor to transmit herewith a manuscript prepared 
by Prof. E. C. Murphy, of Cornell University, Ithaca, N. Y., giving 
tiie results of investigations made by him into the accura<?y of stream 
measnrements as ordinarily conducted by the hydrographers of this 
Survey. 

Professor Murphy was for some time resident hydrographer for 
^tem Kansas, and carried on in the field measurements of several 
nvers, being thus by actual practice thoroughly familiar with the 
operations of the hydrographic branch of the (Tcological Survey. 
Ppon his removal to Ithaca Professor Murphy began a series of 
experiments, using the facilities offered by the hydraulic laboratory 
of Cornell University. 

While the methods of river measurement at pres<»nt in use are 
believed to be sufficiently accurate for the purposes of ascertaining 
the water resources of the United Statics, yet it is important to know 
their probable accuracy, and particularly the H(*cura(*y of the instru- 
ments which are commonly employed. Through such knowledge and 
experience gained from time to time it will Ix^ possible to improve 
apon the methods, in the interest of greater exactness or wider diffu- 
\\on of the work. 

I therefore request that this manuscript be published in the series 
►f Water-Supply and Irrigation Papers. 

Very respectfully, F. 11. Newell, 

Hydrographer in Charge, 
Hon. Charles D. Walcott, 

Director United States Geological Survey, 
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ACCURACY OF STREAM MEASUREMENTS. 



By Edward C. Murphy. 



ACTORS CONTROIiliING ACCURACY OF 8TUPLVM MKASl UK- 

MENTtt, 

The accuracy of a Rtream measurement (h^pends lar^<»ly upon th(» 

ocnracy with which the cross-sectional area and the v<*locity aro 

leasured. There is no special difficulty in im^asuiin^ tin* first factor, 

nit the second factor — the velocity — is very difficult to incasurc, chit^ny 

or the reason that it is constantly chan^in^. It not only varices from 

he surface to the bottom and from one bank of tlH»slr(»ain t()tlnM»thcr, 

lothat it is necessary to measure it at many ]>oints, but it is constant ly 

changing at every point, even when the <?ross-s<»ctional ar<*a and 

the discharge (and consequently the mean velocity) remain constant. 

Several experimenters have observed the phenonn^non of "pulsiition of 

moving water," and a few have tried to measure' it, but as y(^t little 

IS known of the magnitude and frequency of the pulsations or of the 

laws governing them. J. 13. Francis says: * ** It is observed that there 

is a continual change in all parts of these channels, although there 

inay be no sensible .change in the volunn* of water flowing and const^- 

quently in the mean velocity." Captain Cunningham says: '* ** One of 

fce most important conclusions of mo<lern exi)eriments is that the 

Jttotion of water, even when tranquil to the eye, is extremel}' unsteady, 

80 that there is no definite velocity at any point, but the velocity varies 

everywhere, largely from instant to instant. * * * It is analo- 

S0U8 to the unsteady motion of wind, which is exemplified by the 

staying of wind vanes and by the fluttering of pinions." D. F. 

Henry says:*^ "All water in motion has an intermittent velocity, 

increasing and decreasing according to some undiscovered law," and 

Henry found this true of streams of all sizes, from small mill races to 

^^^ great St. T^wrence River. 

A knowledge of these phenomena is evidently of vital importance 
^ ttiaking and computing stream measurements. If only a few 
^servations of velocity are made, these may all, or nearly all, be 

•Ttmis. Am. Soc Civ Bng., VoL VII, p. lU. 

*> Recent Hydraallc Experiments: Proc. Inst. Ctv. Eng., Vol. LXXI, p. 7- 

c Jour. Franklin Inst., Vol. LXU, p. 388. ___ _ 
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made at m tbae of maximoin iinpulM*, and thns the measured n 
Tflloeffy be too large; €»> itiBpo8iiibli> thutniost of theobserrationii 
be nade at ft time of minimUDi impulse, and tlian thu mvan rek 
be too mialL They alno haVe an important bearing an the Us 
burtraBieiit bi-^it HultiMl to moaaure the velocity, as eionie — the float 
for SEample— ){ive thi- velocity of a single impnlse, vhiU' othera, n 
enment meter, Hhow the averse velocity due to all the impi 
dnrbif tbe oljwrvution. 

Tbe motloh of water in an open channel is not, however, eim\ 
■noeeasiCHi of impulses. On the contrary, it is exceedingly cihd] 
vety dlffeieoi fr^im the uniform flow in parallel straight linea tk 
aanimed In cleriving the common hydraulic formulie. When cl( 
Obaensd the water of the nio8t undisturbed streams is seen to ''I 
and afrirl and t-o bo very unttteady, some partiules moving: np, nt 
down, otben across, but all ns a role having n general motion dt 

Tbe aoonracy of a discharge measiiifment also depends much a 
thephyefoal featnn-s of the itt.ifnm at the discharge section orp 
of measnzemviit. When poeuniblc this section should be an a s 
raaeh aiad tar enough from a bend to t^e out of its influence, tbe 
ahonld be pek-inanent and not atony, and the slope and wotted [ 
eter sndi that at high and low stagea of the stream the velocity is I 
parts of the Roction will be easily measurable. The hanks shoalU b»" 
sufficiently hiyli not to he overflowed at flood stage, and tlie seetion ' 
should be frei> from the influence of milldams and bridge piers. In 
addition, economy requires that the section selected be easily access!- | 
ble from a railway station and that there be a person living neanrlm 
will read the t^levatiou of tlie water surface at stated times. SeldQoi 
if ever are all of these conditions even approximately satisfied. Soonr 
of bed in 8om<' cases and silting in other cases give'mucb trouble; too 
great a velocii\- at high stages and too low a velocity at low stagesto i 
measure with accuracy are common difficulties; and milldamsoftoD j 
give trouble, on account of storage and irregular dischai^ throng ' 
their wheels; so that the hydrt^rapher must make the most of ^ 
best location he can find, always having in mind the desirableiM 
the undesirable qualities. 

Rapid fluctuations of the water surface or river hei^t dnriiig 
measurement and the condition of the velocity-measuring iostmiD^* : 
are other factors which affect the accuracy of a stream measnremeBt 

A great many discharge measurements of natural and artilMl' 
channels have been made with various kinds of instruments aed i" 
various ways. The earlier ones were made with crude inBtaniinsnK 
and in some cases the surface velocity only was observed, the i»* 
velocity being computed from a formula which we now know ia (** 
correct. Very little appears to have been done in the way of de'*'" 
mining the degree of accuracy of the measarements. Kven when t^ 
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rimenter has used two or more iiistrumentM 14) m<*a8nro v«*lfM-ity. 
MS not appear to have made simultaiieouB moaHiinMiicnts with 
lent instrnments, or employed different mrtluHls with th«* saiii«* 
amenta, in order to test the accuracy of tlu* n^sults. 
ese matters are all discussed in detail nn tli«* following pa;;<->. 

METHODS OF MEA8URIXC; VKUK'ITV. 

e methods that have ])eeu uhchI for nioasurin;; v«I«K'it y may Im* 
led into two general classes — th<MlinM*i and indiriM-i. TIk- diiift 
lods include all ways of liM'ortaininjx tin* vrhirity ni' watrr rri»m 
as floating in it, such as surface (Icmts, float rods, doiihlt* floats. 

The indirect methods include measunMnciit^ with the ciirn-nt 
T, pressure plates, the therinoni«*tcr, <»t<'., I»y wlilrh th«- vilority 
le water is inferred from its impart, its piM-ssiin*, or its t«Mii|H-ra- 
. Measurements by thfMlirect iiiHliods arc simple, n':|iiiriii;r •>lll^' 
lleasurement of the time that it takos a Inidv in lh«* wat<>r to mn\4> 

a certain distance, while in \\w indirect iiM-thods the constant (»r 
instant must first 1x^ found from exiHM-iiiMMit. The hitter iiietho<is 
however, theoretically better than tlic lorimM-. 
y the direct methods the mean velocity of a «*onip;irativcly lew 
icles of water is found for the time required for the Moat lu in«»\e 
^reen the sections of observation — tliat is, thi- Moat 1^ acted upon 
he particles about it during tlie time it is passini^ over the meas- 
1 distance. It is carried alonjr by a sin^rlc impnls<« tt\' the water, 

is notaffected by the succeedin;^ im[)ulses, which may be ^rrealer 
&S8 than the impulse which moves it. Instruments of the seeond 
18, on the other hand — as, for instaner*, th** met4«r im*asure instan- 
Bously the velocity of all the particdes that strike* it diiriti^ the 
ervation. If theit* were no pulsations of wat«M-, and it' th(» part icles 
owing one another at any given point moveti with iinit'orm v<*loeity, 
n the direct methods might, in the absence of wind, *i:ive ^^ood 
alts; but since all moving water, ev(»n th<* most uiMlistiirbe<i, has 
se pulsations, velocity measurements by tin* in<lin»ct methods are 
idedly more accurate than those l)y the direct, mt^thods. One 
isareinent with a current meter is worth stiveral measiin^mtjnts 
h floats. 

'here is another reason why indirect measurements are preferable 
direct measurements. Since in the latter the mean velocity is 
nd over a certain distance, usually from 50 to 200 feet, it is neces- 
y to know the mean area over that distance, and this requires 

measurement of many cross sections between the upper and the 
ep section, while by the indirect methods the measurement of only 
' area is required. 
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DIRECT METHODS. ^^M 

6URFACS rLOATS. ^^B 

RnrfftOP floats are smftll, light bodies, such as wood or wax, 

floiit OH the Hiirfac© of the water and can readily l)e men froi 

shonv MeasiiremeDt by t!ii« Dieaiis is rapid, but the vek 

obtained may be greatly in error, due to the action of wind < 

float. At Ijost it only indieatea the velocity for a short timf 

oomparalively few particles of water, and tlie mean veloi-ity mi 

I found from the relation l»ctween surface velocity and nieau \-el 

whioli is not well established. The time cousnmed by the floi 

I passing over a measured distance — usually from 50 to HOO fe 

' oljsei-ved, aud the distance divided by the ob8er\'ed time giv( 

surface velocity at that point for tlmt time. 

This method was used by D 
in 177!1 in gaging the Canal du 
in Fmnce, and in 1782 in gagii 
Haine River, Belgium; hyTre 
in 1825, to gage the Outer Aar 
Thun; by Wampfler,inl867, ti 
the Simme Canal, Switzerlan 
Harlacher, in 1881, to gage the 
in Bohemia {at high water i 
byEUet, in 1858, in gaging the 
aud by others. 

DOUBLE FLOATS. 
The doable doat consists of i 

Z — — _ . — ^- — ■ surface float and a subsurfao 

-■ ~L., *"" - somewhat heavier than walei 

KsaKSW^-^^fK**-.^*!*?!*. „^^^j w it by » cord or » 

"'■ '-^^, ri;^.?,.T'.'" "^ rope- The once of the uppe, 
is to support the lower float a 
dioate its position. The connecting cord can be lengthened i 
and the lower float be placed at any desired depth. Fig. 1 shoi 
double float used by T. G. Ellis in the Connecticut River sar 
1874. This subsurface float was a hollow annulus of tin 8i i 
high, 8i inches outside diameter, and 7^ inches inside diameter, 
brass wires were soldered across the bottom at right angles tc 
other, to which was attached 28 ounces of lead as a sinker, 
other wires were soldered at right angles to each other at the c 
to which the connecting cord was attjiehed. The surface float ^ 
ellipsoid of tin 6 inches in diameter and IJ inches thick, with a c 
the top holding a small flag and an eye in the bottom for the co 
ing cord. The connecting cord had a diameter of 0.03G inch. 
The method of measuring stream flow by double floats as us 
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phreys and Abbot in pigring the Mississippi Kiver in l.<51 ami 
18 substautially as follows:* A snitable placn* was si»l<>(*t<Ml on tlu' 
J a base line 200 feet long was measure<l ofT on one iMink {laralh*! 
d axis of the current, and a section at each end of this basc^ was 
:ed out at right angles to it. The time consumed by ea<*h float 
Aslng between these sections and the iK)sition of each float when 
ssed them were noted by four men, two at ea<*h end of the ])asc», 
party having a stop watch and a theo4lolit4\ At a signal from 
ngineer the floats were place<l in the river rn»m d l)oat al)out KM) 
Above the upper section and were pi<*kfHl up by a man in a Iniat 
) distance l>elow the lower section. At the instant a float passtMl 
ipper section a signal was given, the watches wen* startcnl, and 
tngnlar position of the float was read with lM>th tlie<Klolites. The 
mt the float passed the lower section a si^rnal was a^aiii ^iven, the 
ihes were stopped, and the angular position of the float wasa^rain 
. with both theodolites. These readiny:s gave tin* distance* of the 
t from the base line when it pasM*d the sections and two inde- 
ient measurements of the time consumed l)y it in ]mssing lM*t w(H»n 
sections. Soundings were taken at the eii<l sections an<i at one 
nore interme<liate sections, from which the area of the nu*an 
ion was computed. 
1 some cases where this metho<l has lxK*n used tlie base was 3()0 

long and the time of run of the floats lias b(*en reconled on a 
jnograph. 

his method has its advantages and its disadvantage's. In ver^^ 
p rivers, such as the Mississippi, or in streams carrying w<H*ds and 
is, it is almost the only available in(»th(Ml. Humphreys and Abbot, 
their report on the Mississippi Kiver, say:'' ^'Saxton's current 
er was tried but found to l)eunsuited to measurenienls in a river 
uch great depth and violence of current. Only doubh* floats were 
Dd to give reliable results." 

1 regard to the disadvantages, D. F. Henry, who had charge of the 
1 work of the gaging of the outlets of the Great Lakes and who 

used this and other methods for deep rivers, says:^ "All the 
ections to the surface float apply with greater force to the double 
t, and additional onef^ p<^culiar to its^df." It is impossible to 
ermine the exact position or depth of the lower float. Its position 
etermined from that of the surface float, l)ut it varies with the 
ijction and velocity of the wind and the length of the cord connect- 

the floats. The depth of the float is determined from the length 
the connecting cord, but on account of the upwanl ** boiling" 
tion of the water, and also the pressure of the water on a long con- 
Jting cord, the depth may be much less than the length of the cord, 
e upper float may drag the lower one or be dragged by it. At best 

a Report on the Mississippi Rivor, by Hamphreys and Abbots p. 234. 
bOp.cU.,p.3^ 
cJour. Franklin Inst.. VoL LXII, p. lOT. 
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ft «Mk only give tb« tskMrf^ of » Urn pwtlelM tor a Nhori Nptuwq 
tlaw. > 

- lUa metliod of ga^ngwM nMd In thoHlasi«d^ Ri wt- nml tril 
twlM from 1857 to 1881. Slnoe that time the onneut m<t<r hns b 
la^dy lued. In 1869 it was naed in oonJonctitHt wiih i 
meter for gaging tbe ontleU of the Great lakes. It irn.sitl»> aaed^ 
T. O. EUIb in 1874 in hifl ntrvey of the OonnecticDt River, in ei 
jnnoUon witii the onrrent meter, and try Gtordon in 1.ST3 to gage 4 
Irawadi River. F<Mr ocMnpariaons of aomuacy ol this nietliod i 
otbera, see pages 47 to 01. 

TUUS BOM. 

ProfesBOr Cabeo' ms the first to use the float rod for m 
velocity. This was in 1646. llierod isof wood OTtiii. fn 
Inches indtuneter, wef^tedattbelowerendHo as to rl<iai \< 
Its lower end should neariy toneh the bottom and its hpihtmiiI | 
Jeot a few inches above the snrfiMe of the water, so a^ t 
"nie metliod of using float rods as fcrilowed by the wriii 
tb» New York State eaaal sorrey fa as foliowa: Two »<ii 
foot otiains were stretched across the canal from 10 to :(o ff«t a 
and at right angles to the axis of the oanaL Fifteen ft^t-i Altovafl 
upper eliftin a rope was stretched aorosB the canal, and loihUftf 
was attached by pulleys, eo that a man in the boat ooirl'l oHsily m 
himself hack and forth by palling on the rope. Aiiniin'r i-ii|>os 
Htretclied across the oanal from 6 to 8 feet below the lowpr chainM 
a boat ojiemteU from it in a similar way. 'I'he floats wen- put illl 
the man in the npper boat, two at a time and about 5 ii-H apiirt, ^ 
were observed by him until they passed the upper chain, whenl 
called to the reeonler the position of each. As they pa.ssrxl nntln'^ 
lower chain the man in the lower boat called out their pavilion, i 
when they reacheil his boat he took them out of the wator jiihI brongl 
them to the shore. An observ.er with two stop wab^lu'K note*) thtl 
time of passage of each pair of floats l>etween the ctiainn. A sholtj 
rnn wa.^ used on account of the low velocity of the wftt<-i-. 

The advantages and disadvantages of the method nift\' h<- siiriiiiml 
up briefly a« follows: 

Adi-ontnges. — For artificial channels of moderate .iml tinifom 
dcptli anil witli floating grass and weeds this is probitbly tin' If'"' 
method to use. The advantages of float rods as glvon liy CHjifJii" 
Cunningham, who has used them to a lai^ extent in his fjaginiffiif 
the Ganges Canal, are as follows:*' (1) They interfere less with tin* 
natural motion of the water; (2) they measure velocity direct; (3]ibtf 
can be used in a sti-eam of any size; (4) they are not nftected l>y»il^ 
and weeds; (5) they measure forward velocity; (6) tJiey can b* oisAe j 
by a common workman-, and ij") ttvey ato cheap. I 
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Dmdranfage^. — The njd* nre affect€sl to somo pxtc^iit by win<l ; t ln»y 
not give mean velocity, but velocity of impiils4*s: thry ran not 1n« 
id in deep streams or in streams} of nnifrh or irn^irnlar ImmI, and 
y «re expensive to operate. 

Hoat rods have been used by CiinmnKbHm, on the <tan^es Canal, 
1880; by Francis, in 185f, on a canal at l^»welK Mass. ; 1)y r»ufTon, 
the Tiber River, in 1821; by KrayenhofT, on tlie Uhino, in \XV2\ 
I by the Mississippi River Commission, on the TpiMT Mississippi, 
L881. 

FLOAT FRAME. 

[im used, for obtainin|i: velocity, a li^^ht fraino of woimI wliirh 
rly filled the cross section of the eJiannel, but tluTt* an» prartiral 
iculties in the way of the use of this instruniont. 

INDIRECT METHODS. 

"he following instruments and metluKls liavt* Ihmmi us<m1 at oiu' tinu' 
another for measuring velocity indirectly. Several of tlu»ni an* 
r of historical interest only. 

FLOAT WHEEL. 

rhe float wheel was used by Horda and Diibuat for ineasiirinjr sur- 
58 velocities. That used by the latter was '2 f<H*l in dianu'ti^r, and 
^rded the revolutions on dials. 

PRESSURE PLATE. 

In 1779 Gaunthy invented the pressui*e plate, whi<*h consists of a 
sk of metal opposed to the pn»ssure of watt'r, the velocity l)i»in^ 
mputed from the weight neeessary to k«M»p it vcrti<»al. The taeli- 
neter used by Brtiniugs to gajre the Riiine and the on<» iis<m1 by 
aconrt in his gagings of the Neva were made on this principle. 
aptain Boileau also used a pressure plate in his ta<*h()ineter. 

BOX WITH HOLE IS SIDE. 

A box with a hole in the side was us<»d bv (irandi in 1730 to measure 
elocity. It was lowered gradually from the surfaico to tln^ bottom 
nd raised again at the same rate, the velocity being inferred from 
he amount of water in the box. 

HYDROMETRIC TUBE. 

This instrument was used by C'aptain Boileau in 1850. It eonslsl^* 
'a glass tube suspended in a frame, having a full-sized ojHMiing at 
le end and a small opening at the other end. The tulni is filled with 
ater and a bubble of air, and is plaeed in the wat^r with the small 
id upstream. The large end is then opened and the time requiretl 
>r the bubble to traverse the tube is noted. From this time and the 
•eas of the ends of the tube the velocity is computed, 
iBK 64^02 2 
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HYDROMETRIC PENDULUM. 

This instrument was used by Castelli in 1628. It consists of a 
suspended from the center of a graduated arc. The velocity is 
puted from the weight of the ball and the angle of the string } 
the water impinges on it. 

THERMOMETER. 

Leslie used a thermometer for measuring velocity. The prin< 
of this method is that the temperature of water in motion is 
than the temperature when at rest. 

PITOT TUBE. 

This instrument was invented by Pitot in 1730. Fig. 2 shows it 
improved and used by Daroy and Bazin.'' It consists essentially 
two tubes, one drawn to a fine point and pointing upstream, 
other straight and with an opening at the lower end the size of 
tube. The air in both tubes is partly exhausted, so that the water < 
umns will rise to a convenient height. The velocity is found 
the difference in the readings of the water columns. Like floats, 
is an impulse-measuring instrument, but in using it both maximi 
and minimum impulses are observed and a mean is found. After tte^ 
instrument is in place and the stop cocks R and R are opened one of 
the observers applies his mouth to tbe tube O, removes the air until 
the surface of the water in the tubes stands at a convenient height 
to read, and then closes tlie uppi^r cock (R). He observes the col- 
umns until they reach a maximum height, when he closes the cock if 
and roads the surface of both columns; then he opens the cock R and 
observes the surface of both until the columns reach a minimum posi- 
tion, when he closes cock R' and reads both surfaces again. He now 
has a maximum and a minimum reading of each column, from which he 
makes the following deduction: If a' is the maximum reading of col- 
umn A, and h' is the maximum reading of column B, and a" is the min- 
imum reading of column A, and b" is the minimum reading of column 
B, then a' —h'=d\ the difference for the maximum impulse, and 

7' _L 7" 

a"— 6"=ri", the difference for the minimum impulse, and — ^ — is 

the mean difference of the column readings for the two impulses. 
Two or throe sets of these readings are taken at each point. Then if 

-^■5 is the mean of the values of these column differences (-^'rf= 
r/'+rZ"-f . . . ), the velocity at that point is given by the formula 

^ =(^^ 2(j2-^ c being the coefficient found by rating and g the accel- 

• Recherches hydraulicjues, entrei»risea par M. H. Darcy con tinuees i>ar M. H. Bazin. PremWr® 
partie de Becherchos exp^rimontaleH hur Vfccovv\©\wvn\\; ^ei Vft».xjk ^«w\vq»\«a canaux d^couTerts: 
Extrait des M6moiro8 pr^sentes par dWer» aavaux-a ii VaKaA^vaivi^^w;A«wiQ«»^^^si&\i&^^ 
'^^^l de Franco, Paris, 18(S5, Vol. XIX, P\. XV U, fLg. t>. 
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RENT METER. 

■rent meter hnd ita 
; in the float wheel 
Sorda and Dubuat 

surface velocities. 
Waltman modified 
el so that it could 
below the surface. 
«r had helicoidal 
]d an eiidletjs screw 
is, which by ^ariog 
lin of wheels cauned 

of the number of 
>n8 of the wheel to 
) on dials. It was 
P and down on a rod 
r end of which was 
Irmly into the river 
le recording appara- 
thrown in or out of 
y a pull on a strint;. 
lecessary to lift the 
I the surface to read 
lution.s, which wan a 
awback to its vun'., as 
I the fact that dirt iu 
jr retarded tlie train 
Is. I^pont sought to 
these difficulties by 
; the recording ap- 
to the surface, away 
le dirty water and 
. could be read with- 
ng the meter. He 
* by introducing a 
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vertical shaft or rod witli beveled gearing, but this iocreMsed 
frictioQ BO that it t-oiild oiily be used in shallow water. Hsumt^ti 
Saxton. and othera following modified its form flomewhat, but dii 
materially improve it. Brewster made one in which the axis of 
meter was n long screw and the revolntions were given by the 
tance the wheel traveled along this screw. Tlie friction was 




lessened, but the meter had to be stopped I>e(ore the wheel travele- 
whole length of the screw. It was a long step in advance tha' 
taken by D. F. Henry when he applied an electric recording devi 
the meter, for by it the difficulties that Lepont and others song 
avoid are very siiecessfnlly overeOTne, the friction of the tra 
recording wheels being entirely done away with. If a recording d 
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led it is worked by a epring and not by the meter, and, f urtber- 
% it is not necessary to lift the meter to the surface to read the 
ber of revolutions, whioh are recorded electrically, or may be 




ited from the indications of a buzzer. I'he electric meter as used 

(enry is shown in fig. 10, page M; that used by Moore in fig. 3. 

eters in use at the present day may be divided into two claHsefl: 

rhose in which the revolving part tiirtiH about a horizontal axis, 

(2) those in which it revolves 

It a vertical axis. The former 

i is illustrated by the Haskell 

Fteley meters, shown in figs. 4 

5, respectively, and the latter 

i by the Price meter, nIiuwii iu 

'.. Meters of the latter class 

) Bomc advantages over those 

le former class; First, friction 

sually less, since it nearly ail 

es on one point, and this iioint 

be protected from the action 

ritin the water and from jars; 

second, for a given high ve- 
y the wheel will not revohe 
ipidly as the wheel of a meter 
le first class under the same 
litions, and at the same time 
rheel will start in a less veloc 
ban will the wheel of a nief«r 
le former class, so that both 
and high velocities can be 
lured more accurately with 
irs of the second class than 

those of the first class. For 
iple, by comparing the rating 
) of Haskell meter N'o. 3 on 

81 with that of small Price meter No. 363 on page 42, we find 

the former requires a velocity of about. Q.40 loo^i ■^\ wwyjii.'i^ 
/*, and that it makes 6. 5 revolutiouB pet B^co^ii 'vq '«s!ufex'^»r*S».% 
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a velocity of 7 feet per second, while the latter requires a velocity ntt:«:i 
alwut O.Ofi foot per second to at«rt it and makes only 3.02 revolutions*,^ 
in water having a velocity of 7 feet per second. A rate of 3 rpvolH— »-j 
tions per second can easily t)e recorded or coanted, but a rate of 6. Si. _ 
revolutions per second can not be counteii or easily recorded. 

The disadvantages of the eurrent meter are, briefly, as follows: (1^ ^ 
It can not be used where there is mnch floating grass ur weeds, as oi ^ «i 
canals where the weeds are cut and allowed to float in the water, lloa .^^m 
rods being much better in such cases; (i) it requires rating before mr ^j,, 
and frequently thereafter; and (3) it must be used with care. Thr i a_j. 
last two conditions, however, are tme for all instmmeuts useil fu^^j- 
measuring velocity indirectly. 

The meter without some electrical device for indicating to tl^^e 
observer the revolutions in a given time, and which must be liftt^^ -d 
out of the wat«r to read the revolutions, is a thing of the past, Tc^k) 
much time is lost in making the readings. The acoustic meter is n^ot 
a sncoess. The clicks are not sufficiently loud to be heard when tli 
water is deep and the place noisy. 

The advantages of the meter are as follows: (1) It gives int^grat^wl 
or mean velocity (any kind of a float gives the velocity of a compar-ai- 
tively few particles at some stage of a pulsation of the water, not ■ 
mean velocity); and (2) it can lie used on streams of all sizes. 

For large streams the choice of instruments is Ix-tween the cnrrexit 
meter and the double float, and the meter is preferable except whe*** 
a large amount of weeds and grass is carried along in the water. P'ar 
artificial channels the choice is between the meter and the float ft**!. 
and the meter has the preference except where there is a considerable 
amount of floating weeds, and possibly for very slow velocities al****' 
bnt the latter is still in doubt. For velocities of 0.25 foot per secox*'^ 
the meter will give the mean velocity as accurately and more rapidly 
than the rods, and at less cost, for at least four persons are neees8»«7 
with tlie rod method, whereas one person, or at most two perscwtA 
can make the guging with the meter, and the expense of moving th* f 
equipment from place to place is much greater for the roils than for I 
the meter. 

SLOPE FORMULA. 

The veloeity of a stream can be computed from measurementis of { 
the slope of the surface, the dimensions of the cross section, and S 
knowledge of the roughness of the bottom and sides. The formula I 
which is now almost universally used for this purpose was devised b; I 
ICutter in ISOH" and is as follows: 



d 



1 + (41.[» + .U0281 ) ji_ 

8 VR6 

)r;< Biiil other ChumMh, 'bj' E. OanKnlllpt sod W. R. Enttsr, 
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I thisformola F=V6locity, in feet per second ; 5=8urface8lope=79 h 

g the fall of the snrfaoe in the distance Z; i2=hydraulic 

F 
u8=--> F being the cross-sectional area and w the wetted perim- 

; and n a ratio whose valne varies from 0.009 for a well-planed 
ien channel to 0.035 for a channel overgrown with weeds or cov- 

with stones. 

Ills f ormnla is said to apply to streams of all sizes, from creeks and 
3r8 to large rivers like the Mississippi, its constants being deter- 
ed from Bazin's gagings of small channels, from Humphreys and 
K)t's gagings of the Mississippi River, from Cunningham's gagings 
le Ganges Canal, and from gagings by many others, 
lie disadvantage of the method is that it is very difficult to measure 
irately the surface slope {s) of large rivers. T. G. Ellis says* 
, on the Connecticut River the slope of parts 100 to 400 feet long 

very carefully measured and the discharge computed, using the 
I modern slope formulse. The discharge found from these formulje 
ired by 50 to 250 per cent from that found by gaging. He thinks 
slope is so uncertain an element that slope formulae are of little 
le. Captain Cunningham, after an examination of five hundred 
e measurements of the Ganges Canal, says:^ "It [the slope of 
'ace measurement] is so delicate a matter that the results are of 
btful use." He found that the slope was very different at different 
» of a reach from 1 to 2 miles long, and that the slope at opposite 
s differed 50 per cent. Ellet says,^ in regard to the slope of the 
sissippi River: " It not unfrequently happens that while the mass 
le water which its channel bears is sweeping to the south at a si)eed 
our or five miles per hour, the water near the n\\ove is running to 
north at a speed of one or two miles per hour. It is no unusual 
[g to find a swift current and a corresponding fall on one shore 
ftrd the south, and on the opposite shore a visible current and an 
reciable slope toward the north." 
nly in very rare cases is it advisable to use this method. 

MEASUREMENT OF SURFACE FI^UCTUATIONS. 

ny change in the elevation of the surface of a 8tn»am affect« the 
charge in two ways: The cross-sectional area is changed and as a 
Jthe velocity also is changed. '^ It is necessary, therefore, in accurate 
k to measure the surface fluctuations with great care. Wave 
ion, due to wind or other causes, should be eliminated. 

'rana. Am. Soo. Oiy. Eng., Vol. XI, p. 23. 

'roc Inst. CiT. Eng., VoL LXXI, p. 11. 

^Aport on the Misslasippi River, by Humphreys and Abbot, p. S18w 

*& some streams there are places where the mean yeloclty remains nearly constant for sey- 

feet Tariation in stage of river. This is true of the Verdigris River at Liberty, Kans. See 

^«aith Ann. Rept. U. 8. Geol. Survey, Pt. FV, p. 874. 



rl Acci-MAor or wmum MXAScrsKMBsns. 

Tbtn sr« two cImpww of iutranienlH in uw at tlu' |ir<wiM:it Ume tor 
Isdicsting sur1»i»- flfxntioBn: (I) S^f-n^i^erioK gag«*, which pw 
a raoUotHMis rrconl <^ Uie c)iaii|:«i in Ktrf»oi> elcvHtioii; »nd {i) ■ 
lUt^ scale fmm which Ihe elerirtioD of the sarface is nwl «t itq 
tirar, <ir a iniivinK Mak vlUi a Rxck) (ndcx from which the vlevittiaB 
of the Mirface b nad. 




reiiiflrrluc wBtrr «>«« naad l>r ObImA Statm I^to Bomr 



The UdiUkI tJUt*M I<«k« 8«n-«^y nelf-registerinff water gagie, shown ' 
tn flK- S. tt a Kooi) illiwlralioR of InstnimeiitA uf the timt. cImm. The 
wrir*r iiHji iw i-.inni'i'liii fi u ll"ilt 'ni lln- Miirfm-e of iIk- lako, iirul iU 
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motion is proportional to tlie change in elevation of the float. Tbis 
motion in traced l)y the pen on a sheet of paper on the drum, which i* 
moved at a nniform rate by clockwork. The two outer pens record 
the Ume. Fig. 7 in a reproducUon oi ftve TecotA ^oadfi hy this instn'' 
meat on May 17, 1899. The ©\evftUonoi \Ai»»*i't^a«»'A»».-a\'QS«is&'* 



VltBnCAt T£L00m Cf BVfilfi. 



25 



thn corresponding ordinate of thiB curvt>. ThiH figare lUiH 

s need of an accurate record of tbe cliange in stage, for it 

change of surface elevation of 2.5 feet in one 

:«ntbB hours. 

ok gage, shown in fig. 8, is a good illustration 

■ of the second class. The frame ia fastened 

a post in the water, and tbe elevation of tlie 

!ing is detenniaed. By turning the inillod 

ook is raised until its point comes to the Mur 

le water. This can lie done very Hceural^'Ij 

ater, by means of the litth^ spot of light on 

j of the hook. The scale i» then read, and 

le surface elevation is found. 

kter gage used by the Unit^-d States Boni-d of 

s on Deep Waterways in Ittsi7-y8, on the 

Eliver at Buffalo, N. Y., was of the Iwx-with- 

B. The box was of wrx»d, 7 iiu-lies hijjh, 7 

ide, and 7 feet long, with n c|09<k1 bottom and 

ble cover. The bos was fastened firmly in 

r, with half its length Iwlow tlie Kurface. 

IS admitted to it through one or more of three 

lies, allowing the float to ehange its elevation 

er stage changed and at the same timeelimi- 

le effect of waves. The float was a :I-(|mu-l. 

Lh a 7-foot staff, marked to feet, tenths, and 

hs, wedged into it. Tbi;* staff estemled ii[» 

the cover, and was marked so as to give the 

e wat«>r surface above a certain iilniie as ivail 

ver of the ijox. 

TEBTICAt VET-Oi'lTY CUItVBS. 
lation between velocity and <leptli in a vorti- 
>n of a stream x>Arjvllel to the thread uf the 
)r the vertical velocity curve, is very tlesira- 
■m such a curve the ratio of velocity at any 

mean velocity can easily be found and the 'i 

( be computed from observations at one depth 1 \ 

erticals. ^=^ 

ffort has been expended in investigating tliis ("^ iTo.anri^ 
,nd the i-han^e in it ftir change in river stage. anrfnw Hactoa- 

be expected, the results of experiments in """■ 
:tion do not agree. Each investigator adopts a new form of 
fit his observations. In 1701 Waltman made some observa- 
he Khlne, from which he concluded that the vertical velocity 
. reverseil parabola with its vertex below the bed of the river. 
>e Fontaine found the greatest velocity of the Kbine to be at 
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the surface. He states that two inclined right lines intersecting aboat 
mid depth satisfy his vertical-curve observations. In 182J^1838 
Kacourt made observations on the Neva River, from which he eon- 
ehided that this curve is an ellipse whose minor axis is a little below 
the surface. Funk adopted a logarithmic curve for his observational 
on the Weser in 1H20, In 1844 Boileau found this curve for a small 
canal to be a parabola with its axi^n near the surface. Darcy and Uazin 
found it to be a reversed parabola for their experiment canal, the per^ 
imeter changing with the character of the lied. For the Mi»>sissip[£ 
River, Humphreys and Abbot found it to be a parabola whose axis ia 
three-t«nths depth below the surface. Henry found it to be an ellipsa 
for the St. Clair River, while Haiimgarten says that no simple curvat 
will fit the observations in a vertical. From the results of thesw 
investigations and others that might be mentioned il appears that tli^ 
shape of the vertical velocity curve depends much on local condition^ 
as roughness of bod, slope, ratio of depth to width, wind, obstru^ 
tions, etc. Two facts must be bonie in mind, however: (1) All th* 
vertical velocity-curve observations obtained with a single meter wSJ 
not when plotted fall on any one line, but the results will be scAtter^H 
more or le.S8, and it will be possible to pass a number of curves among 
them, one satisfying the observations atmut as well as another; and 
(2) there is some part of each of the curves mentioned which if placed 
by the side of some part of another curve will coincide with it closely, 
so that it is quite possible for any or ail of these curves to fit more or 
less closely a set of imperfect vertical velocity-curve observations. j 

There are two methods of obtaining vertical velocity curves wiih 
current meters: (1) The single-met-or method, and (2) the multiple- 
meter method. In the former a meter ia held at as many jtoints in » 
vertical as desired — at each tenth of the depth, for example— for a 
time sufficiently long to eliminate the effect of pulsations. This 
requires one or more hours to a vertical, during which time a perma- 
nent change may occur in the mean velocity. In the latter methoii. 
however, this diiliculty is overcome, for enough meters are useJ 
simultaneously to give the whole curve in one operation. 

In the vertical veliwity-cnrve work on the St. Clair River, under tlie 
direction of E. E. Haskell, United Staten assistant engineer, eleven 
meters were used at a time. These were fastened between two oalilM. 
which were attached to a 30(J-pound sinker at the lower end and I" * 
drum at the upper end, and operated from a catamaran. The lower 
met«rwas 1.75 feet above the bottom; the other ten were placed at each 
tenth of the ileptli. Each metor was connected with an electric reg- 
ister, and by means of a switch all of the circuits could be opened in 
line operation. The observer, with a stop watch in one hand and the 
switch handle in tlie other, started the watch and at a given instant 
L'l(*sed all of the circuits through the luelcr-s and i-egistcrs. At the 
end of the obaervatiou he stopped the watch and oi>ened the circtiits 
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kt the same instant. One observation of six hiindre<l hoooiuIs was 
uade with the meters arranged as described, and from oiio to U^n 
others of one hundred seconds each with the meters arran^Ml in oilier 
rays in each vertical. 

There should be some criterion for the rejection of doubtful olwi^r- 
"ations and the grouping of vertical velocity curves. Tho following 
able gives the position of the vertex of sixty-nine vortical vol(K*ity 
curves obtained on the Mississippi River by Humphreys an<l AblM>tt', 
ind illustrates this need : 

fViMe Mhowing position of vertex of vertical tfelocity cun^Ji obtaimil on MinniMippi 

River, 
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The vertex of 34 per cent of the curves in tho foropfoinjf tabh* is at 
or below mid depth of the river. Using all of them tlu* viM'tcx 
is three-tenths depth below the surface. This eombinal ion of <Mirves 
80 dissimilar is, to say the least, very questionable. I'hosc in which 
the vertex is at or below seven-tenths depth should Ih» r(^jeet4Hi, 
or at least not combined with the others, for they are due (»i1her to 
errors or to abnormal conditions, and should not be use<l in deriving 
a general law. 

Vertical velocity curves obtained in different parts of the <lischarge 
section for different depths are frequently combined by <M)inbining 
the velocities at each tenth of the <lepth. This assuiiK's that, the 
curves are similar in all parts of the discharge section, which is not 
tme except in rare cases. 

There is very little available data on the change in the vertical 
velocity curve with change of nver stage. In the data on this point 
that have come to the writer's observation the change in stage is 
small and the inference to be drawn not conclusive. The effect of 
^ughness of bed decreases, while that of slope and hydraulic radius 
increases with increase of stage. The effect of these on the shape of 
the curve can only be determined by careful measurements in which 
ttere is a wide range of stage. 
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prr***ATi(>N OP Mo\nNG water. 

Wp have already <?a1le«I att^Dtion Ui the fact that oue of tbereasrai 
H iM dlfflualt to mt>aAun> Mcciirat«ty Ibo velocity o( wal«r is that 
volociiy a( any ^voii point in a tttivam is cooHtAntly changing:. Thi 
Is trim i>r iKilti imliirnl and artlllclnl chauuels of all sizes. Csptail 
Cunninfthum, who obtwrvt'd tliix itnlsntion of moving wat«r in hi 
export men Id ua the (Ganges Canal, of India, states that he cousidi 
fifty n'lJPtilioDH with float r*xl» necessary in order to get a. gowl sw 
■ffe value of the velocity In one vprtitral of a canal.' J. B. PrauQ^ 
Imh mmle iiumenius tueivnreiiiont« of the velocity with float n 
■ m rect«ni{ultM' wooden flnme at t»well, Mas.-*., overy jirecjintioii 
taknti to have the iiHiml cnusex of irrBgulurity of motion siippivHMid 
The tiuic of run whm ubtaituHl by the utKt of ud electric U.'k-grHi)l] M 
m ehrunof^ruph, and the depth was very carefully meaKure<l witb 
hook gage, and yet he found that the veloc-ity shown by these flo* 
varied from 8.5" jht cent above the mean to 11.4 i»er cent Ik-Iow it 
He sayn: "Similar and probably greater variations occur in difffreol 
partA of the depth from the same caii»e.'"' Adam Baum has mi " 
8om« olMervatioDK ou the varlalion of velocity in the Rhtife noitrtlM 
Bridge of ConsLuDve.' ilu fixed a current meter in the rivf 
noto<l the time of each 100 revolutions of the meter wheel forapBfioi' 
of two hours. The results show a oontinual change in the veloci^ 
for 11 .■iiiiMtjuit il.-|)lli of natcr. He concliuies Ihat fi.ran awiirate 1 
inetiHurcuient of vehM-ity it is ueeessary to extend the ubservslions 
over a period of one hour at each point. , 

I'rofetisor Uiiwin has made some observations with a current iiml*'' I 
on th« variation in velocity in the river Thames.'' He noted Ihn tiras 
of each I'X) revolutions, and apon plotting the time and the revolu- 
tions found that they gave a vei-y irregular curve. The mean of eacli 
5uo revolutions, however, when plotted with the corresponding time 
gave a rather regular curve. The following are some of the resulU 
of l*n>fe«sor Unwiu'a observations: 

•PiMo, Inst. Civ, Eug., Vol. LXXI.p.D. I 

►TrMiB. Am. Soe, Civ. Ens.. Vol. VH. p.UT- I 

■Proe. lual. Civ. Eu#.. Vol. LXJU, np-Ue-tM I 

' Op. dt., pp. ■iM.aut. 
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Variation in velocity at three points of a vertical of Thames River as fonnd by 

Unwin, 
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- t>.7 
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1.876 
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• K= velocity, I'm mean velocity. 

It is seen that during the pericKl required for the meter to make 
1,600 revolutions the greatest variations from the mean veloeit}* at 
0.5 met^r depth are +8.3 per cent and — ♦> per cent and at meters 
depth +16.1 percent and —37.4 per cent. The greatest difTei^ence in 
velocity, as shown by two consecutive 100-revoliition i)eriods, is 12 
per cent at 0.5 meter depth and 30.7 per cent at meters depth. A 
velocity measurement of 100 revolutions 0.5 meter ])elow the surface 
may be in error 8 per cent and one meters below may ]k> in error 
37 per cent. 

D. F. Henry* has observed this fluctuation in velocity at a given 
point in large and in small streams. lie says: '*The lesser fluctua- 
tions have a duration of 30 to 60 seconds and the larger ones from 5 
to 10 minutes. They do not seem to be synchronous with the surface 
fluctuations, and are smaller at the surface than at the bottom." 

Harlacher^ found the velocity near the surface of the Rhine to vary 
20 per cent in a few seconds, and near the bottom he found it to vary 
50 per cent in the same period. 

Marr's simultaneous observations of velocity in the Mississippi 
River at Burlington, lowa,*^ with five current metei's are described on 
page 48. The following table gives the velocity, as shown by two 
^f his current meters, one near the surface and the other near the 
Attorn, for consecutive periods of one minute each. The depth in 



•Jour. Franklin Inst., Vol. LXH, p. 333. 

*Tr»n8. Am. Soc. Civ. Eng., Vol. XII, p. 311. 

'Beport on Cnrrent Meter Obeervations, Burlington, Iowa, by Maj. A. McKenzie, 1884, 
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It iH soon that in the first seotioD the greatest tlopsrtures of velocity ' 
from the ineuD ai-e +;t.H per cent and —6.9 per cent at 1 foot Ih'Iow 
the Hurface, and +9.[i per cent and —11.1 itvr cental 0.1 feet Wo» 
thp Burfm^e, or 2 feet altove the bottom. The greatest differeDcv In 
Velocity obtained from two eonsecutive 1-rainute periods is (i per wnl 
at 1 foot below (he snrfa^^e and 12,6 per cent at 9.1 feet below the 
'^iirliU'C. or -2 ft-t't jilmve (ho twtWim. In the second section the greatest 
di.'|j;irUMTs of velix'ilioM fituii the mean are +4.8 per cent and ~V2 
per cent at 3.6 feet below the surface, and +10.8 per cent and —13.3 
per cent at 23.6 feet below the snrface, or 4 feet above the bottflm- 
The greatest difference in velocity obtained from two eonseentive 
1-minute periods is 7 per cent at 3.6 feet below the surface and 13.6 
per cent at 4 feet above the bottom. In the first section a velocity 
measurement near the surface may be in error 7 per cent and a meu- 
urement 3 feet above the bottom may be in error 11 per cent. In 
the second section a velocity measurement 3.6 feet below the surface 

may be in error 4.8 per cent and a meaaviTCiHiftiA V t«ife\, «.\mv« the 

■"■"■oin in error 13.3 per cent. 
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Y] PULSATION OF MOVING WATKR. .'M 

In 18'A whilt' iiu^asiiriiiK the •liscliai-^'*^ of tlM» St. (lair UiviT, Mr. 
&C. Sabiii. aissistaiit <*ii;;iii€Hfr, iiuuli* mhiu* «*x|M*riiiirnts to fl(*t«*riiiiiii' 
pk pulsations or fliu-tiuit ions in tin* volcN-ity of tin* riv«M* at ilii'flis 
station. Four iiict«»rs wen* u^MMl, plariMl ."lU (fi»\ apart ami 
_ the sanii* ^Ifpth. In the first series of oliservations thi* ni«'t«'is 
pereinaline aen^iss the river an<l at ri^ht an;;les to tlif «'nrr«iit ; in 

sei'^iUfl series thev wen* in a line with tlie axis of thf rminii. 

nltaniwnis readings of tlu* four metiers wtM'e taken I'Vi-n lil'ii't'ii 

ids for several iieri<Mls of ten minutes i*aeh. Tin* n'>uliN wi-ii- 

, usin;; tini<* as al^seissa* and vehNMty as ordinate.s, and ;i cnrxi* 

iwn for eaeh meter, sliowin^ the flu<-t nations in vf|fM'it\ in I'.-n-h 

pftcen seconds of time at four ])oints 5t» f«M*t apart. Thrs.. nirM'^ 

pivetwo sets of waves — small ones of fifteen to sixty MM-nnd-* .impii- 

EMeand larger ones of three to six or more nlin^t4'^ ainplit mii-. 'IMi 

ittn^enf velocity as foun<l from tlie larp* wavi»s is in snin»* i';i*»«" 

:|ercent of the moan vehKrity shown by the nH't4*r fm- irn niiniih's. 

Ibe curves for two adjacent meters ar<» at times in*ai'I> p.ir;ill«-I, Imi 

-tkevsrwn diverge an«l cross each other (KM*asionall\. Tin* «nr\«> t'ui- 

,"fc meters in a line with the axis of the river resmilile nnr Jinutlirr 

■Oft closely ami are mon» nearly parallel than tho>«' n\' tln' nn-tn-N jn 

*lint* a<'i*oss the river. These exi)eriin<»nts indicat<* thai tin* piiNa 

%'*are verv limited in extent in a <lire<'tion at riLrhi aM;:Ir> tn thr 

^•JTiMit, but that they can l>e traced for .some distan<*e in tin* Mirrri inn 

^thi^ thread of the current. The who](» deptli of Mu* ri\er i.s alTecird 

'5' them J and their clTectdeci'eascs from 1lielM>tloiii toward ihr.surfarr. 

The jiractical lesson to Ixj drawn from the e\p«'rinients by Sal»in 

^d others is tliat veloirity observations of short <lnration are of little 

^lue unless they are numerous and well tlistrihuted <»vrr tin* dis- 

tai^'e area. In order to eliminate the elTect <»r the pulsations, <'a<'h 

*ser\*ation should extend over a period of from six to ten minut<».s. 

^ng single observations and rapid flu<'tuati(»ns of water surface 

**vation ivquire that discharge be found from sin;rle observations 

comparatively few verticals, and that the ratio of velocity at this 

iplh to mean velocity be known from vertical velocity curves. This 

Dphasizcs the need of a thorough invest igat ion of t he relat ion ])et ween 

^locity and depth in a vertical longitudinal plane and the change in 

iis relation with change of river stage. 

lETIIODS OF MEA8URIXG AND COMPUTING STKKAM FLOW. 

WEIRS. 

The discharge of a stream can be obtained by causing it to flow 
ver a weir or dam the coi^fficient of which is known, by the substi- 
'Uion of observed data in a weir formula. Threes sharp-crested or 
•^ndard weir formula are in use, viz, Francis's, Fteley an<l Stearns's, 
id Bazin's. They differ much in form, aiul each is derived from 
periments on suihU well's with low heads. A brief discussion of 
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eavh fomiiiljt l» lion* jKlvon ttocnufw of ita lM>ariDg on tlir lux-urac) 
of dixchHrf;!* iiiuHMurvmtiiiL«. llaKiu hut (I<>U^nniu<Ml the valncii of (bt 
<>iK>invie>ul uf diiK^hsrgv uvcr weln of many othnr HhaixM of pt^i, sxA 
th4> Corupll riiiveratty (sxporinit^nU uf the Ihmrd nf Kngtiteon m 
IhMJp Wftterways have pxfemled tho valmw* of the c(wfflcii?nl»iif » 
t>f Ihi'tH' to (he hi|fh»r heatln. Time and spaov, kowcvvr, will 
pvriait niotv tlitiii Cho mention of tbem here. ' 

The weir in th« uiost »iCT'iirftt<» mcthiMl of uiesHurintr liisc-harseyrt 
naed for Hiaall Ktrwamn if the cnefTn-ieut of the weir Im> ft(!(.-unil«ily 
known. The head ou rhe wt^r lUid tlio velocity of approKoh an 
llw only variables, ami theiw can ivMily hu<I iKX'umL<?ly l)e ma* 
unxl. The dittadvantafteH are (1) the cu«t of eotuttni(.-t iu ;; a 
or Mi« diftleiilty of lludingono in il8e whoHeidiapu closely reHfml)l« 
one whose I'ooIAclent Is known, and (2) the limited ran^e of vHlaea 
of the (^oeHlvieDt. of ii weir of any ttliape and the limited numbrr of j 
ishapc>» thai have tK^>.<n invvsli^atird. 

Jf[lAN<.I8'8 KXPERIUEN'IS ANFl FURSin.A. ' 

In 1852 J. B. Francis made numerous very ejimful measuremPiiti 
of the volume of water iiasniDg over small weirs and Hie eorrcsiwad- 
[iitf heHdx lit Lowell, Maa.s.'' His menauring lank wau a caiia! \oek 
v/hieh had » capacity of 12,138 ouUc feet for a depth of 9.5 feet; the 
jrrt-ntx'sl lrn;fth of cri'st wn« 10 feet; the head on the weir varieilfrOHi 
5 U> 111 iiictn'i*. hihI whm metisurei^l with two hook ^a^es 6 feel 
upstream from the eivst; the width of the channel was alwul U feet 
Ilia formula, derived from these experiments, is Jis follows: 

Q=diHehart;e in rnbie feet i>er wecond; /t=liead on weir, or differenw 
Id elevation of weir qivsI and water surface; n ia a constant vibm 
value 18 when both 
ends of the weir a« 
flut«h with the siilcH o1 
the channel, 1 whenono 
side only is flush, and i 
when neither side i* 
flush ;y=aeceleration of 
gravity. (See fig. 3-1 
The head on the weir 
fihould be not lesti Ibo" 
0.5 foot nor morethaD 
2 feet, the depth of water in the c^nal should be at least three time* 
the head on the weir, and the air should have free entrance under thf 
sheet. The velocity of approach of tlie water to the weir must be 




0.— 8bftri>-ct«Btad weir. 



Le«o BipBiimento. wMcb W6i« oon^ 
la Trana. Am. Sot Qv. Eng-.Vol. XLlV.w.SSO-aw. 
-TjQw^ H^drsnUc EzperlineiitB, by 3. B. Ftwioi*, 
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and the head corrected for it. The formula for this pur- 
D6e is 7i3=[(/<+A])'— Tiji] i, h being the lueaMured head, h^ the head 

ae to the velocity of approach = -^ and l\^ , y . (See fig. 0.) 

Hamilton Smith, jr., says of this formula:'' ''It stands in the first 
«nk in reliability." 

Francis made eighty-eight experiments with two weirs of 10 and 8 
teet length, in addition to those to derive his formula, and found that 
Bie greatest percentage difference between his nieiusured discharge 
ad the discharge computed by his formula was 0.0 per cent for the 
Bean of two experiments and 0.68 per cent for tho mean of eight 
nperiments; for the other eleven moans the difTerence is less than 
0,4 per cent. 

FTELEY AND STEARNS'S EXPERIMENTS AND FORMULA. 

In 1877 and 1870 Fteley and Stearns^' measured tlu^ <lischarge over 
weirs of 5 and 19 feet crest length and the corresponding head on 
Weir, from which they derive<l the following formula for a standard 
Weir with end contractions suppressed : 



^=3.316 Vh -t-l.olLni^-o.007f). 



0=di8charge in cubic feet per second, />=length of crest, /i=head 
)n weir, Fi= velocity of approach in feet per second. (See fig. 0.) 
rheir measuring tank was a section of the Sudljury conduit having 
^capacity of 300,000 cubic feet for an incrcjise in depth of 3 feet. 
Phe head on the weir was measured with a hook gage 6 feet upstream 

rom the crest. The term 1.5-^ corrects for velocity of approiich. 

Phe head on the weir must be not less than 0.0(1 foot, and the air must 
lave free access under the sheet. Tliis formula is not used iis gen- 
erally as is that of Francis or Bazin. It was used by Fteley and Stearns 
;o compute the discharge of the weir used in their current-meter and 
ireir comparisons. (See p. 57.) 

bazin's formula. 

In 188G and 1887 Bazin' made numerous measurements of the vol- 
ume passing over weira having lengths of from 0.5 moU>r to 2 meters 
and the corresponding heads. From these he derived the following 
formula for a standard weir with end contractions suppressed : 



and /^=0.G075+;^-[^J\^- 



'Hjrdraalics, by Hamilton Bmith^ p. %. 
*Tr»nfl. Am. Soc. Civ. Eng., Vol-XlVv- '^• 
• Anpales des ponts et chauaatea, l^Si&> p. ^\^ 
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'I'liiH fonnula i» true for any syHtem of units (feet or met* 
QssfliM'har^e, />=lenjrth of crest, A=head on weir, j>=difitano( 
crest alKJve bottom. (See fig. 1*.) This formula needs no corred 
fur veWx'it y of approach. The measuring tank was a section < 
n»ctangular channel 2<J<) meters long, 2 meters wide, and 1.2 me 
<hM'p. The head on the weir varied from 0.05 meter to 0.6 me 
The air lirt<l fnM» a(*cess under the sheet. Each of these formula 
give lhi» <lischarge to within about 1 jier cent if the c<jnditions w 
ing wlu*n the ol>s<»r vat ions on which the formula is base<l are exa 
dupHcute<l. l)i.si?harges computed from any two of these form 
may <liffer .'J jwr cent. 

CURRENT MBTBRS. 

If the stri'ani Ik* small, meter measurements are made from a bri( 
if one can be found in a suitable location. Bridge piers, howe 




ri«.. li». Mttthod <>t UMiiii; current meter on lar^o rivrr. 

(listnil) the iiatiiial (low of a siirani, as well as distort the v«'rt 
aii<l traiisveisr \('l(»cit\ curNes arul reiulei* tliem of only loeal aj 
calion. I )ise]iaiir<* iiieasiiicnuMits ma<le where there an* piers in 
chaiMH'l ai'<', as a rule, less a<'(Mn'ate than iiKNisurenieiits made ^vl 
t]iei<' are iio piers to obst riK't the flow. 

In <'ase th(M'e is not a bridge at thedc^sired plaec*, theobserverwa 
if the water be shallow, taking observations of deptli aud velocit 
as many i>oints in the eross seetion as desired. If the water b<3 < 
and swifl a eable is stn'tehed a(*ross tlie stream at a eonveti 
height above the water, and a ear or box is suspended from it. F 
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ffeis car, whicb is moved back and forth Hcross the Htream by the 
Observer in it, the depth and velocity of the water are measured. If 
|he CDirent be not Bwif t n Burveyor'u chain or a cable can be stretched 
bBKMS the stream temporarily and the depth and velocity be meas- 
mnd from a rowboat at points marked on the chain or cable. 

In a lar^ river like the Mississippi, where a steamboat can conven- 




iently anchor, a method that has been used satisfaetorily is shown in 
%H).* The boat is anchored in the proper place, and aleml weigiitof 
SO poands connected to the anchor is lowered over the stem. A copper 
*ire is connected to this weight and to tlie spring pole in the boat, 
wd the meter is moved lip and down on this wire by a rope. The 
^STolntions of the meter are recorded electrically iu the boat, the cop- 
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pr>r win- Im^iq^ c<<»un«('t«d U» out- pol« of the tistterr anJ a 
■itiititK-lfHl U* tJ»' meter ami lh«> oilier |»o1q. 
On Uuiie riveni wbcrc iMiaUt can nut nitchor U>v lueanun'metiUi il 
u>iul« from h itoM tuwi^l by a 8t><^ai»bouL* Tlit* uh-ut Ih kept in poi 
tioti l>y two UiivM of ntifp.' \w\vh hI riiilil hii^^Ich 1,0 ivioli mhcr. Tt 
pilot OD the Kt«ambuat f>t«eni il hu hh to kMp it in liuu ve'nh uiu- ritufi 
wliUe the enKiowi't t^'ith bin hand on tite Htvain valve anil his «y« > 
the other range, oonlroln the speetl ii( A 
Ixtat ttolhal it will remain in a fixed {Ktsitkl 
In a NWift eniTonl the meter and itM sinkl 
will lie oarrled downittn>'An) a ditdancp dl 
pending: on tin* weight <if tti« i^iukcrninl tji 
dt'pth and v<>l«ctity ot th* watvr. There ai 
I w<i mt^lhuitHur In'ating thl» diflii'ully. Oi 
iM tci apply II «p(>cial device like that shofl 
j I in flfj. U to keep the meter in platw;' % 

WiP ya^^i^fm^^m **^^^^ '" ^ ouinputo from ttto w^-ighi i>f tl 
- - =- ■ » ^ g^ .z ^ J_^y »inl«jr and tii« depth and approxiuiatc vi 
looity of the water the additional Jen^rtbi 
cabli< to UHc in order that the mnUr uu 
sink tl) the T«i|uirud depth.' Thv tln>tistll 
lietter for Ktreaina of ordltmry tihte. In tl 
devlw Hhown In fig. II thp ntiiy line is H 
ijvehi^>il til tliii nifU^r jmil is piussi.^) nver 
pulley at Iheenil ut the utay pule, )>ein^bel 
liy an assistant. Hy inuanHof this stay tin 
and the vertical eord the meter pan t»e ke[ 
nearly in [MiPiitien. Inatcod of a stay pol 
n wire euble is simietimes used to keepth 
in stay line in pUice. 



B- 



iH.a 



I. la. — HarUclier'a ajipiiniHiH 



POINT AND IKTEUBATION METHODS. 

rherp ai-0 two uiethwln of using n nicM 

formm-luB a moWr wllli uui- j,, „ ,.,.„ss si-ellnii, ,LS follilWH: (1) TJH- jwifl 
orm vr .«: ly, „i,.,i|n,l. i|, wlii.-ll Un- IllftlT is hi-l.i .'.l I'.'lt.li 

points in the eross section foi- n stated period of time, usually fitt 
seconds, and the number of revolutions of the wheel of the cieM 
during that time are observed, either by <iounting the clicks of 
buzzer or reading a n-gist^r; and (l') the integration method, i 
which, instead of holding the meter at certain points, it is move 
with a uniform speed through the section, the time and numbe 
of revolutions l>eing observed as l>efore. The point method is tb 
more accurate if sufficient ohservatious are taken in the section 
The velocity found by the integration method is the resultant o 

•Jonr. West. Soc. EiiB.,^D\.m,lS«,'^, 

^Twentieth Ann. Kept. U.S. U-t,\,s,Mtvs'i,^. «,■».■»- 

• Jour. Woat. Soc Ent, 'V u\, IV . »o. ft 
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' Ae Telocity of the wnter niii) timt of tho meter as it is carrieil by 
the observer, and must always be greater than the true velocity. 
Tbe error increases with the speed of the meter, and also increases 
M tbe velocity of the wat«r decreases. When the point method is 
D8kI the meter may be held at several points in certain verticals, 
inwhich case we will call it the onlinary method; or it may be held 
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M the surface, at mid Oepth, and at the bottom in certain verti- 
•^Is, and the disclmrde be found from them (see Moore's method, 
P- *5); or it may bo held at the surface and the bottom only in sev- 
*'*! verticals, and the mean velocity be found from these; or it may 
^ held at three-tcittJix, itt six-tenths, or ftl m\(\ ic^\Xv \\\ ceV<j8Mi Nv-t- 
^^/^ and the maau vcloi-ity Ik- found \»>' awX^xw?, sw 1»rN»t. "Wsr 
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rhn>o-tenihA-ili*pt)i ^lotut' U umh) (mhuiim! it in iiaid t» he the poiol ofi 
iua\iinuii) velitcily Id n vertlital, and aHuiall ern>r i» ttir> iMjaitton # 
thU p<iinl will not AlTttot Uit* rraalt uucli. Tlid tniU-(l4>ptli point' ifr 
viiililuyod Imhwiimv tlio titcuir whii-li U uwo) bi obtAlii thi' nt*«n ^-t-lncity 
in man* nearly t'onxtiuit for U Ihan for nny i»tiivr [mint nn n vvrlir^ 
curvt*. Tht> Hix-t«>nttuMlii>tfa iwint' is uanl btHttiuw it in ht-Mexfl ts 
Im' the ileptl) of tho threncl of mean velocity. 

In The inU'trratioa mothocl the meter may be raoretl down sevenl' 
timet4 In fertalri vertieAlH only, an iixed t>y Marlachtir,' or aiTrom the 
Kln-am hI a {[i\'en ilcptli, lut ummI t>y Pric» on the M i:«eiNcii)]>i Kiver 
at Carrolhon, fA.,' or dlimrmally itcnRW fmm onn Hidv to the other al 
tile Ntnie time that it. is moved from the surface to the tiottom snvi-nl 
tinieH, aa nmn\ by tho writfjr ami others. Ilarlacher'n apnaratiii> for 
moving B met*>r with a uniform vel(»city is fihown in BgB. 1^ ami LI. 
The meter H is moved op or down on the iron tnbe AA by the rope 
/> attnehi-d to thi^ draiu F. Einn bracket holding the jknllevf. G 
l» an arm Hupporttngthe dram F, and/, (tig. l^) l»» dial on which ia 
n^Kintereil rhe depth. The fan /« (fig. IS) and tho jtearing/, regiihite 
tho rati? of motion of the meli-r: /, in a crank lover for raising the | 
met(>r. and/, a ratchet wheel for arnwting the motion. J (Rg. 13) b 
an ele«^tI^e liattery, and H (fig. 13} in the retnittaring apparatus. j 

When a4>enn4t4' reanlta are deaired the metor shoald \te held with m |j 
rod. if the depth be not t«o great, In whfeh («u»e It Is not free to Mini 
siik'wiw, liol k(>«'|M its axis jianiUel to the axis of the streHm and c»n 
!«■ pl(vi'e<l I'lose to the bottom. Ortlinarily it is held with an insnlatfld 
wire, and is free to take the dircetion of the waticr at the point where 
it is hfild. 

COEFnCIRNT \V(1RK. 

t:;oettli-ient work in river gaging constats of obtaining the ratio o( 
the velocity at any point in the depth of the stream (called the index 
point), us, for example, the three-tenths-depth point, to the meu 
velocity in the whole depth. When this ratio or ooefflcient is known 
for a vertical, the mean velocity In that vertical can be found by 
making an ol>servat ion at the index point and applying the ooefBcient. 

Lot C,, C„ C„ etc., 1k' the coefficients for the component parts, 
F„ Fi, F3, etc., of the dischai^c area F; F„ F^ F„ etc., the observed 
velocitiei* at the index jwintaof these areas; and T-'the mean velocity 
for the whole discharge area. The dischai^ Q'=FV= C, FiF,+ 
C\Fil\ + C^F, 1; + (1)- 

A value of each of these coefficients can be found for each foot 
variation of river stage. The discharge of the stream is then cam- 
pnted by equation (1) from observed values of F,, V^, F„ etc., at the 

• Jonr. Weel. Soc. Edr,. Vol. III. No. 3. 

' Report on CnrreDt HeMr ObservittlODS, BDrllugton. Iowa, br >U]. A. Mi-g«w.t., UH, 
•Proc. taaU Civ. Eng., Vol. LXXl, v- «*- 
'Ibid., foj. LXVII, p. aw. 
•Jour. Weat. Sue Eng.. Vol. III. So. 3. 
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24ex pointSy nsin^r the set of values of the coefficients which cor- 
^pond with the observed river stage. 

Coefficient work can be done with one current meter, but it can be 
one more rapidly with two or more meters. When two meters are 
)ed, one is placed at the index point and the other is held for several 
inates at as many points in the vertical as desired, and simultaneous 
adings of the two meters are obtained at each point. The two 
^tera are occasionally held at the same depth and relative readings 
the meters are obtained. A chart can be prepared from the ratings 
the meters in still water which will give the velocity ratio from 
) simultaneous readings of the two meters. For example: The 
lex meter at three- tenths depth indicates 2.34 revolutions per sec- 
d. The other meter, at eight-tenths depth, indicates 2.05 revolu- 
ns per second. The chart shows the velocity ratio for these meter 
aeds to be 0.89. From the velocity ratio at each tenth of the depth 
9 ratio of the mean velocity in the vertical to the index velocity, or 
is found. 

This coefficient method of gaging is better and more accurate for 
rge streams than the slower one in which velocity observations are 
ade at several points in each vertical, on ticcount of the rapid 
umges of surface elevation of the stream. 

RATING OF METERS AND CONSTRUCTION OP RATING TABLES. 

The accuracy of a discharge measurement depends largely on the 
Jcuracy of rating the meter used. Errors of observation are as likely 
' be too large as too small, and are compensating. Errors in a rating 
ble always have the same sign and are cutnulativo, hene« they should 
) eliminated or reduced to a minimum. 

There are two kinds of rating of a current meter, absolute and rela- 
te. From the former the absolute velocity at a single i)oint is found ; 
>m the latter the ratio or eoeflftcient of velocity at any two iK)ints is 
ind. The former is usually employed in still water, the latter in 
ining water. 

?our methods have been used for rating meters: (1) Hy the use of 
*faoe float-s; (2) by moving the meter through still water with a 
own velocity; (3) by observing velocity at many points in a cross 
ftion and comparing this with the known mean velocity; and (4) by 
aching the instrument to a long arm and revolving it about a ver- 
al axis in a body of Htill water. The second method is the one now 
iversally used. The meter is suspended from a car or a boat and is 
ived with a uniform velocity through still water at a depth of 2 or 
>re feet below the surface. The length of a run varies from 100 to 
) feet, with a starting run sufficient to allow the meter wheel to 
ich the proper speed befoi^e entering the run. It is moved across 
d back over the run to eliminate the effect of velocity in either 
•ection. The rating equipment should be such as to give time of 
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.ran to the U>ntli of a nooonc) »n<1 HptHxl of m)>tfrt<(> t.bet«^ntliof ai^rfr 
lotinn (a rhntnfi^Hpli ifcordiiiK liiDi<, revolutions, ant) the instantsi 
'b^inniiit; and fimlini; the ran nhuuld meet thitt ruqtiiromcnt). 

Tlip ranctt of vt-lwities employed in ratioRshould be those for whi( 
tile n)«l«r i»i f > bf ui«tHl. If it in tn Im> employiti mainly 
low vcltK'ltii^ the si»o«*dB in mtiiiie ttliouM Ik* low. Tho ratiugUbl 
dionUI not \ki «xt«nd«d beyond th« limits of r«^lo<!lly used in lb 
rating. 

The relation lM>two<^n distance |uuwed over by the mot<T and fin 
oorreniMindini; revolutions of the meter wheel m often luwuniwl m " 
■ atralphl lino. It l» nlwayH a earvecl line, and most be ho on accottBt 
.of friellon of 1>earlnRs and inertia of movint; wheel. A velocity 
from O.I to o..'i foot i>(>r M'<H>nd iHnoentHarj- tOHtart t'he wht'el. AstM 
TOlovlly iMi>niatK*« thf cflcct of friction and ineHia be<'oInwp^opo^ 
' Uonstely low and tlu' utirvo spproaclieit a Hiraight line. Tho reUtim 
between vel«M-ily and revalationa of whi'el per second is of lli« nwouA 
degree and eoueave to the axU of velocity. For velocities of i 
more feet per 8eeond this curve differs little from a atraight line, 

The rr>i4iilt« of tliA rating an; n.tiially plotted on BqQarc<l papoTi' 
ntiing ri'voln Moils per He<>oii<l wi ordtnat<>K and velocity aa abMn^sn, 
and all otwcrvutioiut that fall niuoh from a well-dofined linp MC 
rojevtod. If t hiH line be nearly Htratghl between the limits of tlM 
olfscrved revohit.ioiia its eqiiation in iissum«.>d to be of the form 
y=it+li.r. ij being velocity, j- revolutions perttecoiid. imd 'i and h wrn- 
stant«. If the results indientc a curved line ita oiiiuilioii is iu'^siimcd 
to bij of the form i/=a-i-lu:+oJ^. Tliore are two uniltuxisi of pK- 
paring the rating table froiti the observations. The first method is 
rapid. The mo«t probable curve is drawn among the plotted observa- 
tions, and the velocities to tenths of a revolution are read from the 
curve. In the second method the equation of the most probftUe 
relation is derived by the method of "least aquares" and then tlie 
table is preimred from the equation. The writer has found it betttf 
to plot values of x and the ratio y to a; (see fig. 29, p. 89) instead of x 
and y. Tho reason is that the ratio y to x changes rapidly w ' 
increases and can be read more accurately from this curve tliM 
from a nearly straight line. It can be shown mathematically that 
these curves are approximately branches of hyperbolas. 

The second method, wliicli is to derive the equation of the most 
proliablc relation between velocity and revolutions by the method ot 
"least siiuares," first rejecting the observations that fall much out' 
side of a well-defined curve, is the most accurate, but it requires llie 
moat time. If the meter is to measure low velocities to within 1 I*' 
cent, the second method must be used. It gives n observation eq"*' 
tions of the form y~a+bx=v if the relation be linear, or y—a—bX" 
rx'=v if it be a paralwlic curve, v is a small quantity called a residuwt 
or a residual error. Its value would be zero if the ol>servation9 were 
perfect. According to the pr\uc\\i\ii vJi \vi\*v s^uvLTea, the best valu* 
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[X)QRtant8 are those that make the sura of the squares of the 

Is a minimum. 

ring each of these n equations and adding, we have 

the first derivative of this equation with resj^ect to a, fc, and c 
cing these equal to 0, we have 



-2a;' [t/'-r/-&r'-cx'2]-2j-" [2/"-r/-7Ar"-ca:"2] 



=0 



-2a;'2[i/'-a-6x'-cy2]_2x"M?/'-''-/>^"-^-.r"2] . . . =0 

lese normal equations the values of a, h, and c can be found, 
he linear function these equations become two in number and 

e form 

a2x+h2x^= 2xy 

na+b^x =2y 

nd 6 are found from these equations. 

relation between revolutions per second and velocity, whatever 
be, is not constant. Below are given the ratings of a Price 
obtained by J. C. Bailey, United States assistant engineer.* 

^ts of four ratings of a Price meter ^ised in 1S02 on Niagara Hiver, 



ftto. 


Number 
of obser- 
vations. 


Velocity. 


Meter coefflcientA. 


Remarks. 


a 


6 

+0 

+0.061 

+0.207 




20 
31 
49 
43 


Ft. per sec. 
2.5 to 7.8 
2.1 to 6.7 
1.7to7.7 
2.0 to 8.0 


4.239 
4.260 
4. CM 


Still water; ba.se 150 feet lonfir. 
Do. 






Do. 




4.i:» +0.067 


Still water: Itose 300 feet long. 




> 


4.168 


+O.0&48 





computed from tivo ratings of current meter on April :^i) and May 4, J89^\ 

[April 29, F, =4.256 W+0.061; May 4, \\=4Amii-\-iVAf!.] 



R 
0.05 


r, 


Vt 


0.274 


0.409 


0.10 


0.487 


0.612 


0. 15 


0.699 


0.814 


0.20 


0.912 


1.016 


0.25 


1.125 


1.219 


0.30 


1.338 


1.421 


0.35 


1.551 


1.033 


0.40 


1.763 


1.826 


0.45 


1.967 


2.028 


0.50 


2.189 


2.230 




_. . 



Vi- r, 


Tj-r, 


0.314 


0.135 


0. 125 


0.204 


0. 115 


0. 141 


0.104 


0.102 


0.094 


0.077 


0.083 


0.058 


0.072 


0.044 


0.062 


0.(B4 


0.052 


0.(C96 


0.041 


0.018 



•EnKinevring News, Vol. XXIX« I89a 
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The foregoing table »hows that if on May 4 velocitj- meaanrem 
had l>eeH made from 0.05 to 0,50 revolutioa per second and the ra 
table of April '2!f had been usttd the reaults would be in error iron 
purt-entto 31.4 percent. It iatniethat neither set of values of d 
/) was determined for low velocities. This, however, emphasizes 
fact that values of a and b found for high velocities may be grt 
in error for the low velocities if the linear relation is assumed. T 
four ratings of a nietei- in less tlian one month show e»Qsider 
variation in the values of » aod h, and indicate that when a met 
in constant utse ita rating should be examined once a week if accu 
work is re(iuired. 

A rating table that gives velocity to only two places of decima 
not sufficiently accurate for low velocities. To illustrate this we 
take the case of the rating table of small Price meter No. 3(13, rate 
Chevy Chase, Md., June 26, IJMX). The velocity corresponding • 
0.05 revolution per second is given as 0.17 foot per second. This : 
mean any value from O.HJG foot per second to 0.174 foot per sect 
This is 2.04 per cent of CI.17. Hence if the computed revoluti 
were either 0.166 or 0.174 the error introduced by using this r«l 
l-able would be 2.4 per cent. The following table shows the ei 
for other velocities given in this rating table. If the velocity be ( 
foot per second it may bo in error nearly 3 per cent if found f) 
this tHhlc. 

Tbbte showing greatett pertentage error in rating tdbte of amaO Price meter 
363, which gives vetodly to only Ijoo piacft of decimah. 







Error 


KevolQ 








Velocity. 






VelodtT- 


















FtVTTKC 


































































1.0» 


o.t 



Darcy and Bazin employed the first three methods to rate the I 
tul)e which they used in their hydraulic investigations on can 
Fig. 2, i>age 19, shows this instrument as they used it. A discus 
of the results of the ratings is given here on account of the 1 
they throw on accuracy tests. 



■RecliercheB bydrauUiiaij*, by Dure: 
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BATING OF NSTKB8. 
BuvlU of Pitot tube rating* by Daren and Batin. 
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OQ wooden t-haui 
'TnjHioIdal open wnoilea chiini 



' RecUDKnliir. 

the first method the floats were run over a distAiicc of 40 meters 
the tube was hehl with its point 0,02 meter below the surface of 

»ater. Cis found from r=Cw-t/- s^,^' beint; known from the 

8. In the second meth<Hl the tube was fastenwl in front of a 
and was drawn through still water at different observed veloci- 
In the third method the instrument was held at many points in 
)SB aection of an experiment canal 2 meters wide, the mean veloe- 
a which was known, and the mean velocity as shown by the 
was computed. 

is seen that the three values of C found by these three methods 
r somewhat, although each is the mean of many observations, 
value found Ity the second method (the one now commonly used) 
e largest of the three and is rejected on account of the action of 
Mwt on the instrument. The pull on ttve ^Joa\. aa S.\.^%a &wi.-«\v 
gb the witt4-r tippenl the [joint of the. tube do'wn. aW^^Vj ,'£oa!«X'tt?. 
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Itft iD'lli'-iitioiifi li'HS tliftn thi>y Hhoulfl be and making C tou lai^e, Itf 
I the find mi'thuil the mo«n of experimenU) Nos, 2 to S is 1.0016 ami 
, the mean «f esiicrimt'Dt* Niw. ft Ut 17 Ik 1. 0122. The differeow 
I tietw<«n llM'se is nearly 1 [wr i-«nt of Uit' fdrmer. The greatest vari- 
, Ationit from thn mpan of all the obttorvntioiui by tlio f\n\. tiif^hnd Are 
+ 1.8 i»«r t-*nt and —2.8 per cent. 'l*he value of C fuiiiid by thctliird 
miKthiMl (h 0.H93, olH-ainpil from thirty-one meaHuremenl^* of diwhar^'e 
of thp cxiHTimoiit ivtiial. Tho tnbe waii held at many |ioin1« in thi' 
vriHiK Boction. The varl»tioti» from thin mean are +3.fi per cent uiui 
I —3.8 per cent. Daroy uw» tho mean of the values fonnd by the flmt 
'.anil third methodii, which mak(« f7=l. The extreme variatioiiFi from 
I UiiH mean are +3.9 per (wnt and — 3.& per oetit. The vehiciiy of the 
' water during iJiew ratlnjp* variwl from 0.5 to 2.S meWra per swoml, 
; or fmiii l.t>4 feet to 8.20 feet per second. 

OBNERAL FORMULA FOR COMPUTING DISCHARGE. 
Whatt^vr im-tlnMi i« ujwd in cumpming dischjugc, Hie depth mnst 
I be known Jit n siifiicieiit uumlH-r of point.-* in the i-ross sertinnto 
detorroino the eruMi-oertional area with the ntiHinnl degn**- of acWJ- 
I racy. For a nmall Mtream it should be knowu at each fool of width. 
for large streAmtt at eat;h 5 or 10 feet of width. 
The ormw-sectlonal area {F) Ift found from the following fonuat*: 

^, (Z,, rf„etc,,beinKdepllisiifHl(i thedis1-nncel>etwfen theiwiulswheW 
the dpptlis are measured. 

Tlie g.*u.-nil foniiiila for Uw .lis.-liarf,"- |ht s.'.^oihI is 

Q=t\ I'l+Z-'j (',+ *', y\-lrt\ K„. lU 

Fy, F^, Fs, etc., are the component parte of the croBS Bection, iM 
'i' I'si I'si ^tc» ^^^ mean velocity in each of theee parts. If the 
width of these component parts is 6 and the mean depth in each ia 
'/„ (l,, rfj, this formula can be written 

Q=b { VA+ V^+ V^+ ). (3) 

If (/,=f/j=(i,— , that is, if the channel is rectangular in cross section, 
then formula (2) becomes 

Q=bd ( r,+ I*j+ 1;+ ). (31 

The component velocities are found (1) from a single observation it 
some depth by applying a coefficient, as a raid-depth velocity oi»er- 
vation multiplied by 0.95, or a six-tenths-depth observation multi- 
plied by unity, and (2) from a vertical velocity curve. The latter, w 
already explained, is found from numerous observations at points in 
the depth, and the mean velocity in this vertical is then the area 
inclosed between the vertical curve and a vertical line representing no 
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elocity divided bj' the depth. Ilarlacher's method of integrating * in a 
ertical gives each component velocity very readily and quickly. Any 

)mponent velocity is -m-, R being the observed revolutions, T the 

)8erved time in seconds, and C the number, which changes from 
ivolutious to velocity. 

In measuring the discharge of a large river the component veloci- 
» are always found from an observation at some given depth and 
e use of a coefficient. As the depth or stage of a river is almost 
nstantly changing, it is necessary to make the velocity observation 
a short time — one or two hours at most. The value of the coeffi- 
mt to use to reduce observed velocity at any depth to mean velocity 
that vertical should be found from measurement if possible. 
The discharge measurements of the Niagara River made in 1897 
d 1898 by the United States Board of Engineers on Deep Waterways** 
)m the international bridge 3 miles below the head of the river, 
;re computed from velocity observations at three-tenths depth, using 
efficients whose values were found from vertical velocity curves, 
le meter stations were about 80 feet apart and were at the middle 
each half span of the short spans and at the middle of each one- 
ird span of the long spans. The value of the coefficient for reduc- 
g observed velocity to mean velocity ranged from 0.61 to 1.17, being 
fluenced by the piers of the bridge. 

T. V. Moore in his discharge measurements of the Thames^ assumed 
e vertical velocity curve to be a parabola, and computed its area 

>m the formula -4=^[ F»+4 Vm+ Fb], d being the depth, F. the sur- 

ee velocity, F„, the velocity at mid depth, and Fb the bottom veloc- 
^ Tlie discharge per second flowing between the end sections he 

mputed from the formula V=^[2 Ax+ ^ 2 A2+2 2 A^], /i being the 

stance between the consecutive sections, 2Ai the sum of the two end 

etions, 2A2 the sum of the odd sections, and 2A^ the areas of the 

en sections. The discharge is found by adding to this the small 

lume flowing between each end section and the shore. 

T. G. Ellis, in computing tlie discharge of the Connecticut River 

1874, multiplied the velocity at mid depth in each component area 

0.95 to find the mean velocity in that area."* In computing the 

3charge of the Mississippi River in 1882 the velocity at mid depth 

each component area was multiplied by 0.91 for the observations 

ken when the river was covered with ice, and by 0.96 when free from 

3, to reduce the mean velocity in a vertical.® From 1885 to 1887 the 

locity at six-tenths depth was observed in the component areas, and 

is was taken as the mean velocity in each area. 

»Proc Inst. Civ. Enflr., Vol. LXVn, p. 858. • Proc. Inat. Civ. Bng., VoL XLV, p. 220. 

» Joar. West 80c. Eug., Vol. IV, No. 6. * Trans. Am. 80c. Civ. Bng., VoL IV, p. 808. 

• Joor. West. Soc. Eng., VoL III, No. a 
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1 Urlachor'ii nicthtxt of vumputing flood discharge where tlie snrfMt| 
' velocity oaly could be meaHimil w illUHtratod in fig. 14. • The sarfaa 

Telocity wan meaflurml at » mifllcient ttutiiber r>r |>oiiit<( (1, 2, 3, 
I lu the orosH seotJoii ACH to d<'l*riiiliic tlw itiirfftcu velocity c 
ADB. The ttiit* AVB hIiowih th*> depth nt muOi [xtiiil und u plottd 
(roiu MOiimliiiKH tMkoii iiniiK>diat«ly before or afUsr the flood. 




Piu. H.— Ulaeram [HiMtnttliis Bu-UcDer'* methiid of aominitlDK Sood dliehuse. 



The opeuingB between EFiuiA OH are bridge piers, the measure- 
mentM being made from a bridge. The product of thesnrface Telocity 
i; luid tin: i^iirri'spuiidiMg deptli / is fouTid f'»r a Huflficient niiiiiber "f 
points, dcpendiim iiii tli« irregularity of the bottom aud the cur™ 
AEFdHB drawn. The dischargB per second in the area between the 
line AB and the curve AEFOHB, less the piers, multiplied by 0.85. 

COMPAUISONS OF RESUI/TS WITH DIFFEREINT INSTBC- 
MENT8 AN1> METHODS. 

SURFACE FLOATS AND FITOT TUBE. 

On page 43 we have given the results of three ratinp^ of a Pit*"* 
tube by Darcy and Bazin.'' In the firut method the surface velocity 
was found from surface floats and a Pilot tube, as already described. 
Ninety-two experiments were made. The results are oombineil, accord- 
ing to velocity, into seven groups of eight experiments each and nin* 
gronps of four exijeriments each. The value of the coefficient as found 
from the flrat seven gronps differs from that found from the mean of 
the last gnmps by about 1 jier cent. The extreme variations of the*' 
imlividnal uieaiiM from the mean of all the eximrimeuts are — 1.''^ p''' 
cent and + 2.5 per cent. The individual values of the coefficient are 
not given. Their extreme variation from the mean of ail must Iw >' 
least twice that of the individual means from the general mean. 
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PITOT TUBE AND RECTANGULAR ORIFICES. 
On page 43 ure giveii Die results of a third rating of a l*itot tube 
by Darcy and Baziii (third method). This is also a coiiiparition of the 
discharge of a canal 2 meters wide, a8 fuund from rectangular orificea 
and as found from numerous velocity ineaBureuiente in a cross section 
ot the canal with the same Pitot tube. The diechai-ge of the rec- 
tanjrular orifices admitting water to the canal was determined by 
experiment for different heads on them. Tlie numl>er of velocity 
measurements ia each e\[>eriment or discharge measurement varied 
with the depth of the water in the canal, being from twenty-seven in 
the smallest channel, which was 0.30 meter by 0.48 meter, to ninety- 
one in the canal 2 meters wide. The points of measurement were 
nearest together where the velocity clianged most rapidly. The results 
of thirty-one discharge measurements are given, the mean velocity 
varying from O.SSmeterto 2.57 meters per second. Tlio extreme vari- 
sticns from the mean of all the values of the coefficient are + 3.6 per 
eent and — 2.8 per cent. 



DOUBLE FLOATS AND CURRENT METER. 
ELLIS'S EXPERIMENTS. 

In 1874 T. G. Ellis mwle numerous velocity measurements of the 
Connecticut River at Thompsonville, Conn., with current meters and 
*ith double floats like that shown in fig 1° Vertical velocity curves 
*ere obtained in planes parallel with the axis of the river and 100 
feet ax>art, with the meters and with the floats. Each of these cnrves 
^as plotted on cross-section pajier and divided into tenths of the 
depth. All of the curves in which the mean velocity was less than 
1.86 feet were combined by combining all the observations at each 
t^Dth of depth ; all in which the mean velocity was more than 1.86 feet 
^'ere combined in the same way. From the I'esultant vertical velocity 
eurves the results in the following table are taken : 

Oompariton of velocity by double floatx and mirrent meterg from measurementilry 
T. G. Ellis on Conntcticut Rirvr in 1S74- 
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MAKlt'S KXI'ERIMENTS. 

In Oftober, 187(1, G. A. Marr itiiwle simuIUinpou.s velocity measure- 
moiitH uf the Miseissippi River at Burlington, Iowa, with "louble flonte 
liky t.hoso shown in fig. 1 ami with five t-urrout meters." Tlie river 
where iiioasuretl waw alwut 2,0()0 feet wide, and the path of the floaW 
WHS near the center, where the depth was aljout 16.4 feet. Ten Boats 
were run in sueeesnion in a period of about twenty-five minates over 
a diHtanee of 200 feet, and the time of entering and leaving each 
quarter of the nin was recorded on a chmnograph of eight pens, Tlie 
five current meters were fastened to a cable held vertically 16 feel 
below the end of the run. One meter was at mid depth (the depth ot 
the lower fioat), and the other four were arranged two above ami tw 
l)eIow it, BO as to divide the depth into equal parts. One pen o[tbe 
elironograph re<forded the time of passage of each fioat, two reconli^ 
the time as Khowii by a chronometer, and the other five recorded tho 
revolutions of the five meters. From a table giving the velocity of 
each float over each quarter of the run and the velocity shown by 
each of these meters during the time of passage over these distances 
the following table has been prepared : 

'IlepoH on Cnrront Metor Ob»eryM,\ous,&iTU-ii«(Mi,\wtiR. V^ Mb], a. lO^Kemiv, I»^ 
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iparison of velocity by double floats ami current meters from measurements by 
G. A, Marr on Mississippi River at Burlington^ lowa^ October ^ 1870, 





Mean velocity found 




Mean velocity found 
from 50-foot run. 
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-0.011 
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+0.0S5 
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+0.()E» 
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-0.120 


7 


2.514 


2.545 


fO.(J81 
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-0.108 
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2.476 2.625 


+0. 149 
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2.821 


+0.252 


10 


2.820 i 2.758 


-0.071 


3.012 


2.823 


-0.180 




2.654 2.566 




2.750 
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1 the foregoing observations the velocity of » float was not the 
e over each 50-foot length of the run. Eaeli velocity given in the 
►nd column is a mean for the whole run of 200 feet, and the meter 
city in the third column is for the time of the full run. The 
•city in the fifth column is for the fourth section of the run, and 
corresponding number in that column is the meter velocity for 
next consecutive and equal interval of time. The chief thing to 
loticed is that the float velocity, whether computed from the whole 
of 200 feet or from the shorter run of 50 feet, is greater than the 
Br velocity by about 3.5 per cent. We may note also that we have 
) forty mid-depth velocities in nearly the same vertical taken in 
it twenty-five minutes. For the ten found from the floats on the 
; run the variations of velocity from the mean are from —7.4 per 
i to +7.8 per cent, and for the shoit run of 50 feet the variations 
from —9.5 per cent to +10.7 per cent. For the meter long run 
variations are from —7.5 per cent to +12.1 per cent, and for the 
•t run from —6.5 j)er cent to +6.3 per cent. 

idividual measurements of velocity by either of these methods 
jr much from the mean, but the means by the two methods differ 
e from each other. The excess of mid-depth velocity by double 
bs over that by meter may be due to the upper float dragging the 
3r one. 

henry's experiments. 

. F. Henry also gives a comparison of velocity measured with 
ble floats like that shown in flg. 1 and current meter, made on 
St. Clair River in 1869.* The results of the comparison are given 
he following table: 



» Jonr. Franklin Inst., Vol. LXII, p. 322, 

IRB 64—02 4 



IL'RACY nr tUTKKAH HRAStTREMENTS. 



« of vtlacilg by dnuMr ftoatti and etirrrnt ^ueter frvHi meaimTvme»lt\ 
li. F. Htttm on SI. Ctair Rierr in /W.'-. 




It in SMB that Ui« flout velodt^ U less thiui the meter velocity 
deplh of aliont fi fiM^L Below that depth the HiAt velocity is ^i 
thnri the meter veliwity, tlie differenev InereHsliig with the depth. 
diM'liHi^e tM found with the HoatM in 10 per M'nt ^ireater thiin l 
found with the meter. While thv urtion of the upper Heat un 
tower float may uot aet^otint for nil the dillprutice between the float 
aud meter veloeities, it will accotiQl for some of it. The velocity M I 
Hhowu by the vertical velocity curve inoreiutefi from the unrfiuv to > I 
depth of from 5 to 10 feet nnd then deereones to the bottom. The Mt^ I 
face llixit will Ilicn'fiiit' move mow slowly thiiii the lowt-r fltml for 
lU'ptliM of Irom lo 5 or ID feet, huU henw the lower float will be ; 
relHnUil by the upi>er float to that depth. For deptiiH Krealer than 10 I 
feet the upper float will move faster than the lower float and wiU drag | 
it, and the velocity ehown will Ije too large. 

Henry gives also a comparison of velocity as found with double 
floats and current meter in a ttniall eanal at Opdensburg, N. Y." The 
floatH were run over a distance of 2<Ki feet at 3 feet below the surface, 
the time being reeoi-ded on a chronograph. The current mel*r was 
helil at the same depth at the middle of the run. The results areas ■ 
follows : 

Comparin/M <if ttUieily by itouhle floats and current meter from ntfiuHitme*!* 
niadr. Iij/ I). F. Henry I'li mnaU cnnal al OgderviiHrg, N. 1'., Sfeet beloo' wrfart- 
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These reanlta indicate that although the mvan of a f«w float obser- 
rations may differ much from the correapondiDg meter velocity, the 
oetiiu for thirty or forty observations differ tittle. The meter gives 
• little smaller velocity than the floats. 

Henry also gives a comparison of velocity found with floats and a 
propeller meter in the St. Glair River. The lower float wat) 1 foot 
iw the surface, and the meter was held at the same depth. The 
mean velocity given by fifty floats was 3.lilW feet per necond; that by 
meter was 3.G55 feet per second, or O.Oaii foot pi-r spcoiid greater than 
by floate. There was a light wind blowing iiimtream, and that may 
have retarded the floats somewhat. 

oobdon's rxpesihbnts. 

In 1873 Gordon made comparisons of the dischai^e of the Irawadi 
River at Saiktha, Burma, as mea-surwd with double Hoat« and with 
eorrent meter. From these he concluded that the donble-Hoiit dis- 
eliar]^ was about 10 per cent too large. lie therefore re<luced all 
diBchatfies found with double floats by that amount. 

FLOAT RODS AND CURRENT METER. 

NEW YORK STATE CANAL SURVEY EXPEKIHENT8. 

Daring the progress of the New York 8latc canal survey of 1!H)0 
<»inparative discharge measurements were made on four ocua«ions for 
the purpose of comparing the iliseharge tif the eiinul as found by one 
nid-measuring party with that found by another party using similar 
tods and methods, and of (fompariug the dischai'gu found uitb rods 
*iUi that found simultaneously with a current meter. The results of 
^comparisons are summarize<l in the following table: 

I ^^pariscm of results of ecjterimeiitu uf Mvif Vork Stiit,- ruiiiil Kurvey during ttte 
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Vvama velocity fonnd by piirty No. 1, with roda. 

F^—meui velocity found by party No.!S.wilb rtida 

Fla-maui velocity round witli meter, nainK sIi-t<?nt1iB-doptli motbod. 

Q'r'idlaclunte fonnd by party Xo. 1. with roils. 

Q»r-dlMdurgs found by piirty Nu.2,wlth rodfl. 

Qm-diKharKo found with motor, using six-tonthaKluplh uutliod. 
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Tlit» LiK»kport expi>ritnentH were made on the Erie Caiuil about ] 
mile above the Ick^Ich at Ijockport, in a rock cut with rough, nearly 
vert ical sidcH. The meter meaaurenients were made 700 feet abova 
the pla<H» when» the dim^harge was meanureil with ro<ls. The obser^**- 
tions exU*nde<l over a i)erio<l of thirty-four minuU^s, during which 
time GO hxIh wen» i>a8w*d over a run of 21 feet, with an immersion of 
80 to IM) i)er cent of the depth, and 13 meter observations of 50 seconds 
each w<»n^ mmle at six-tenths depth l)eh)w the surface. There wa« no 
measurabh* fluctuation of surfa(*e level during the test. 

The Roch<»st4»r (•xi)eriments wen? made (m the Rochester Aqueduct, 
which has sm(N)th an<l nearly vertical sides. The width was 43 feet 
and the <lepth 7.5 feet. The flow was undisturlKMl for a half mile 
alH)ve the section of measurement, but there was a sharp curA'e lew 
than 100 f(H?t below the i)oint where the lower nMl-measuring i>arty 
was stjitiouiMl. In the first comparison of rods with meter, September 
20, the i)eriml of observation was forty-two minutes; G4 rods were 
passed over a 20- foot run with 02 per cent depth of immersion; 19 
met^»r olwervations of fifty seconds each were made by the six-tenths- 
depth meth(Ml; the surface level fluctuated 0.05 foot during theol)ser- 
vations, and rain interfercnl somewhat with the work. In the first 
hmI (*omparis<m, Septeml)er 21, the oliservations extended over a 
p<»ri<Ml of sixty-five minutes; 79 nnls were i>assed by party No. 1, with 
a <loj)tii of inimei*sion of from IH) to 07 j)er cent, and lOO rods by party 
No. -. with a <l<*pth of iininci-sion of 02 per cent. In ihc lirst rod- 
an<I-nM'lrr conijiarison of ScplomlMT 21 the p<M*iod of o]).s<'rvatioii wjus 
forly-two ininntos; 1»- rods ^v<»rc passtMl l)y party \o. 2, with ".'<> IK*r 
cent drptli of iniMMTsion, and .')♦► niclcr ol)s('rvat ions of tifty seconds 
(*a<'h W(M<' taken by the si.\-t(»nths-depth method. In the serond rod- 
an<l-nieter roniparison the period of observation was foi-ty minuter; ^^ 
lods were passed, with 02 per cent (h»ptb of inmuM'sion, and »>0 iii<"ter 
observations of lifty seeon<ls (»a(*h W(M*(» nia<lo at six-tentbs deplli. 

The Uoonville <'oni|)arisons were made on the iUaek Kiver (.'anal at. 
r>oonville, wliei-e the top width of the canal is 4.'5 feet, with irradual 
sloping sides, and a maximnm <leptb at center of 7.7 feet. Tliciv wji^*< 
an nnobstrnct<'d (low for at least one-fourth mile abovi' and a hal^ 
mile below the ])lace selecte<l. The parties were stationed about-'"' 
fiM't apart. There was pra<*tieally no water entering or leavinir the 
canal betw<M'n these points. In the rod comparison, wliich lasted oii<' 
hnndre<l and forty-fonr minnt<\s, with some interruptions, IS.") mis 
were passed over a -O-foot rnn by party No. 1, and 14.'5 hkIs by party 
No. -. In the fii'st meter comparison, which lasted fifty-(Mi:ht lai"' 
utcs, or) rods wer(» j)ass<Ml an<l 'Mt meter obs<M'vations were made at six- 
teenths depth. In the s<'cond me^tei* comparison, which lasted iift}' 
three minnt<'s, 77 rods w<'re passe<l and 4- meter observations of fi^^ 
seconds ea(.*h were nuide A>y \\vv^ s\xAvn\VVvs-dv'vth method. 
Thr (fJeiis Falls eon^pavisous wew^ wwwV m\ V\\v- VW\\^^.V ^^^^^^v^vder, 
nonr Ghus Falls. M t\u^ p\acv^ sv^Wv-WhY ^vw Wvv. W'^v^ v\xv^ Av.v^.^v.Vxs^^ 
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t wide and i\ feet deep, with nearly vertical sides. There is a bend 
the feeder about 100 feet above the upper place of measurement, 
i another about 1,000 feet below the lower place of measurement, 
le meter measurements were made from a bridge about 100 feet 
>m each of the points where the rod measurements were made. The 
St comx)arison lasted seventy-six minutes, during which time party 
». 1 passed 56 rods, party No. 2 passed 00 rods, and 28 meter observa- 
ins of fifty seconds each were made. In the second compariMon, 
lich lasted fifty-eight minutes, party No. 1 passed 03 rods, party 
). 2 ran 108 rods, and 28 meter observations of fifty se<;onds each 
ire made. 

The method of making these eompariscms is the same as that used 
the canal discharge measurements, which is descrilied on page 10. 
The Rochester and Glens Falls comparisons are not so satisfactory 
those at Lockport. and Boonville. In the former the measurements 
ire made too near a curve. The large variation in the time of run 
the individual rods indicates this fact, and surface-level fluctua- 
►ns and passing boats interfered somewhat with the work. There is 
)08sibility of leakage from the feeder between the points of measure- 
mt at Glens Falls. No leakage was visible on the surface, but there 
a large amount of leakage not far distant from the place of meas- 
ement. The measurements there indicate a gradual loss from the 
»per to the lower point of measurement. 

rhe results of the rod comparisons agree more closely than those of 
)ter with rods. It must not l>o concluded from the Rochester com- 
risons that because the rod discharges agree closely and the meter 
tcharge differs from the rod discharge 7 per cent that this error is 
due to the meter. The two sets of velocity measurements obtained 
bh the meter during this comparison agree closely, whereas the time 
run of the individual rods diffei*s considerably. At least half of 
8 difference is due to erroi's in the rod discharge measurements. 

murphy's experiments at CORNELL UNIVERSITY. 

[n connection with the writer's exi)eriments at Cornell University 
determine the I'elative accuracy of measurements by the weir and 
the current meter, the nssults of which are discussed on pages 58 
95, surface velocity exiKM-iments were made with float rods and 
th the current meter, the results of which are given on pages 89 
92. 

FLOAT RODS AND WEIR. 
FRANCIS'S EXPERIMENTS. 

In 1856 J. B. Francis comi)ared the discharge of a canal at Lowell, 
ass., as found with float rods with that shown by a standard weir.* 
^lis wooden canal or flume was 27.75 feet wide where the first 63 
^riments were made and 14 feet wide ^wYv^bT^ Wv^ t^xsvwsvyw^ ^^ 



•Lowell Hydraulic Exiwrimonts, by J. B. FruacAi, p. VWk 
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tIRAuy or dTRKAM MeASDRlOIKNTB. 

••x|N>r!infiitit w<>ri* iumIc. Tho l(>n(Ctb of ran wan 70 fe«>l, vitlj 
starting run or iit Utti. TIm-< tiinp of run wan ohtAinMl to a Uii 
of a M-Minil iinil Ibo ilopMi to u.ijCR'! f<ji»l. Kv«ry procnntino i 
k tnkeu bi oblitin ornurnU* nwillM. Thi- iUmiM wnn- tin tiilM-i^ •: ind 
Id diauii'ter, las(li>ii Ht t.h<- lowi^r vml iwi h» t4i float iiprii^rlit 11 
J put in the n-arer Hi cAcb foot of wkllh of ibo <»iiisl. luid I 
ft of run wan rM-onled iiu a ohruoof'raiili. Tbt- observed v 
rero |iii)lt4>tl on on«w-!«H>tion paiivr and a mean carvn was <1 
f tilt* |Kilnt)t t»li(iwin]f HiHiiKC In vnliM^ity from one side of I 
I canal to thPoDu-r. The aivan velocity In the vtvm M-orton wiufoa 
I from thJH curvp by <]iriiling tbu vvlutrily arvn by tbo width. 1 
f varintion of the obiterved vclueitim of iudividiinl rods from Thf rel 
ity cun-f wafl from 8,57 per wut abovp to 11.4 per cent l>cl«w(! 
I curve in ex|M>rimen1 No. I, The rods until were not all of the pro] 
dnpth of ImnH-rainn, and FranniH derived tho following fDrinula 1 
eomputinc the porn-tit di^'hante: y" ^"11— f>.UG( v'y>— <l.l)], 
whieb y* U the laeaHiitvxI discharge aud D the depth of water Ji 
flume lens the depth of the immertted part of the rod and divided by I 
depth of water In the Rume. After applying thin fonnulahcfi 
that the vnriatJon of the nid dlscharjw from the weir diwharse 
the 115ex|>erimeute \» H8 foUowH: For t> it i« lewt than U.l {hts 
for 7ti it Ih I(«k tbHU I per centt for 23 It in from 1 per eont Ui 1.9 p 
rent, for 2 it l« fn>m 2 iier rent to 3.1' per cent, and for I it bs 3.09 pwi 
eciil. Tbr nit'dii volwity iit Ibesi' I'XiM^rinicnts Viirifd fi-uiu 0.5 foot . 
to 5 feet pel' second. 

CORNKU. DNIVKBSrry EXPERIMENTS. 

At the close of the field work of the New York State canal sanvf 
of 1000 a series of experiments waa made at tbe bydranlic labonttoiy 
of Cornell I'niversity for the purpose of comparing discharge aafonnd ; 
with rods and current meter on the canals with that shown by tbe 
C'ornell t.landai'd well'. These experiments were planned by Vbt 
consnlting en;i;iiieer of tbe New York State canal survey, Mr. E- 
Kuichling, and wei-e carried out, under the direction of Prof. G. S. 
Williams, in charge of the hydraulic laboratorj', by the writer ftnd 
by Mr. W. P. ISoright, C E., assisted by members of the class id 
hydraulics. 

The surface level of the sections of the canals flncfiiates rapidljon 
account of lockage of boats and irregular feed of water to lower sec- 
tions. It was therefore necessary to make discharge measurement'^ 
rapidly and to make short runs and starting runs. The depth ot 
water in tbe different sections varied from 5 to 10 feet at tbe cenleti 
so that the immersed portion of the rods used varied from 75 per cent 
to 95 per cent of tbe depth of the water. The mean velocity varie<l 
from nearly 2 feet per second west of l.rf)ckport to on the summit 
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rek. In the laboratory exi>eriments the conditions were duplicated 
idosely as possible and the work was performed in the same way 
lonthe canals, so that the results of the comparisons give a fair 
fia of the accuracy of the discharge measurements of the State 
inals and feeders. 

PL II shows the laboratory canal and the observers employed in 
Aking the tests. A description of the laboratory and of the method 
F obtaining standard weir discharge will be found on pages 50 to G4. 
be gates at the head of the canal were opened until the head on the 
dr was such as to give the desired discharge; then tho Hlits in the 
Bikhead and the height of the gates at the lower end of tho canal 
ere adjusted so as to give the desired depth of water in the channel. 
8 soon as the flow became steady thrtn^ parties began measuring the 
ficharge of the canal, one with rods and two with curn^nt meters. 
wo series of rods were used, one of 75 per cent depth of immersion, 
le other of 90 jxjr cent depth of immersion, the former lettered, the 
Ater numbered, so that they could ejisily l)e recognized as they 
IBsed under each wire. The lengt/hs of the run and of the starting 
m were the same as in the canal work, being from 25 to 7 feet for 
16 former and from 10 to 8 feet for the latter, depending on the 
ftlocity. ^rhe number of rods used in an exi)eriment varied from 
fty to one hundred and fifty. Meter party No. 1 measured the dis- 
liarge by the six-tonths-depth and the integration methods, and then 
asisted the rod-measuring party, four stop watches being used and 
16 number of rods run in a given time nearly doubled. During each 
Kperiment the head on the weir, the depth of water in the canal, and 
16 slope of the surface wei'e read every thirty seconds and were 
liecked occasionally by readings of the hook gage. The time of run 
I each rod was plotted on squared paper, using distance from side 
F canal as abscisssB and time of run, in seconds, as ordinates, and 
mean time curve was drawn among them. The length of run 
ivided by the mean ordinate of this curve gave the mean velocity, 
hich multiplied by the cross-sectional area gave the discharge. The 
Msnlts of this rod-and-weir discharge comparison are given iu the 
Mowing table: 
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II is s(MMi tliat llio discharge obtained with the rods is larger for all 
dopth.s, vol(M*iti«»s, and iM»rooiitage depths of iminersion than theeor- 
rrspniHliiiL^ \vi*i f d iscli.Mi';;**, ox<*(»pt in two castas. The greatest varia- 
li<ni Ire Mil llic \v<*ii- «Iiscliarg<' is <►. 11 p<»r ci'iit for tho 75 per ct'iit depth 
of iimM(M>inii ando.'W imt cent for the IM) jht cent tlcpth of iiiiiner- 
sion. 'rhi> vaiiatiuii from (he weir discharge, or error, increases as tlif 
d<'plli, Nclocity, ami (l«*ptli of immersion dccn»ase. The mean crn^r 
Un' all de|>lli> and velocil jcs is .')..")! imm' cent for tlu' 75 per cent deplh 
«>f immei>inii aH«l -A \ percent for the !♦() percent <h»pth of imniei'si<ni. 
Tlie ^rratt'st \aiial ions from thes<' means are -hl-l-l^ p*'r cenl ami 
— J.Jl* p«'r crnt for tlir 75 ])er cent <lcptli of immersion ami 4-i*.'^! p*'r 
(Milt and —1..')!' p«'!* <M'iM for tln' IX) p(M* c(»nt depth of immei*sionj* 
range of .'). 1 jxt cent in tin' former and l\- per cent in the latt<'r. 
r'rom tlh' last two (•ohiinn> is seen the «^\tent to which the error 
iiH'i'cjisrs a> tJH' <l«'ptli (ItMM'eases. 

It is to he rxpreird that tJH' I'od discharge will Im* greater tliaiitli.it 
of the weir, espccjall.N for tin* 75 ])er <M'nt <lej)th of immersion, for hs 
tile rod> d(> not e\t<MHl to tin* bottom tliev are not. aff(^(*te<I hvth<*l)<^^' 
toni layers of ^lo\\l\ movinic water, an<I Induce mov<* faster than thf 
mean velocity. IJy applying T'lancis's correction formula (j). 54) to 
these results othei's will he obtained agrecMiig more closely with tli(>>«' 
shown by the wrir. It will Im^ shown furthcM* on (p. D'O that tiie ^v^'i^' 
discharges used in these experiments and computed from Baziti^ 
formula ai*<' ])robably too small by from n.5 per (mmiI to i\5 per cent, th*^ 
fipniwv I'ov a head on \ve\r i>lL 1 UuA, \W VaWw Uny w Vwiwd of -.5 feet. 
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Q these two sets of corrections are applied it will be found that the 
lischarge is correct to within about 2 per cent. This degree of 
racy is only attained, however, by many observations, equivalent 
: or twelve gagings, with the rods started 2 feet apart from side to 
of canal. 

CURRENT METER AND WEIR. 
FTELEY AND STEARNS'S EXPERIMENTS. 

eley and Stearns have made some comparisons of the discharge of 
ludbury conduit as obtained by weir measurement and by current 
>r.* The weir was of the sharp-crested type, 19 feet long, and was 
»d at the head of the conduit. The flow to it was controlled by 
mgular gates, which were changed slightly from time to time so 
' keep the head on the weir constant. The current-meter meiisure- 
ts were made from a manhole in the conduit 6,000 feet below the 
. The meter used was a Fteley like that shown in fig. 5. Two 
lods of operating the meter were employe<l, viz, the point and 
integration. When the point method was used the meter was 
for thirty seconds at several points in the cross-sectional area, 
mding on the depth. For the greatest depth of 4.5 feet the num- 
of points of observation was 167. The rate of moving the meter 
ie integrating was from 0.1 foot to 1 foot per second. The results 
the 8- vane meter are as follows: 

"Jomparinon of discharge meaaured with S-vane Fteley meter and over weir. 
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he results of experiments Nos. 2 to 6 show a remarkably close 
cement between measurements by this meter and those over the 
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wiMr. Th(* lon^irth of an olKM^rvatioii, thirty He<H)n(ls, is too short to 
jcive u ^{mh\ avonijjo indication of the velocity. The discharge varied 
somewhat during; the experiment. Tlie depth of ii'ater in the conduit 
hein^ small, any error in the depth must have introdnceil consider- 
alilo error in the n^sult. We woulil ni»t exiiect, therefore, so close an 
a^HHMnent, whieli apiM*ars all the mon* riMnarkable when it 18 seen 
from the following tahU* that the dis<*har}^^ shown by two weira inay 
differ by .'J per eiMit: 

Values of ui in ftnnuuUt (^ ~ mlh >/ *ijh, tmftmnd Ivy Bazin ami ?#jf FMejf awl 
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It is seen that for heads on the weir of from 0.5 foot to 1 foot the 
N.'iriatioii in /// is I'nmi *I lo I prr cent. 

.MIKI'llV's KX1»KK1.MKNTS. 

TIh' results «»!' nuim'ioiis weir, eurreiit-meter, and other expcn- 
inrnls hyilir \vrit«'r at tin* (Nn'iicll hydraulic lalKiratory an* diseuss*^^! 
in dotal! on tin* l'olli>\vinir |>a.ir<'s; also lh(» application of the results to 
ordinary livrr irairiiiij: and llir ^rciieral conclusions ivftcheil fromt. -^^^^ 
I'lMM'nt stndii'sand invr.st iirat ions. 

i:\im:immkn rs at <'<)i:vi:i.l i^nivkusitv iiYniiAULic 

l-AIU)IJAT<)IiV. 

INTRODUCTORY. 

Tills linrst illation was iH'i^Min hy llic writer in Ma}', 1000, wbil^*'^ 
ft'llow in civil cn.i:in<MM-iniLi at ("oi-nrll Tnivcrsity. It was interriipt<''l 
froin.lnlv 1 \n DcccnilxT \ of that vrar, on account- of the New York 
State canal survey. In which the writei' participated, and again fron^ 
DeceinlK'i* 1» to Api'il 1, on a<-connt ot* frcczinjj: weather, and was com- 
pleted in May, l!n»l. Its ohjeet was to company the discharge of tli^' 
Cornell Tniversity experiment <-anal as obtaiiu^l with a sharp-erestt'<l 
weir with that obtained with eiirrent meters o|H»r{ited by different 



* Auualos lies pouts i-t i'htiiissi'««s, ni'inoin-s v\ diKMiiiK'nts, IHtw, p. 410. 
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niT] CORNELL HYDBAULIO LABORATORY. 59 

thods, and thus determine the accuracy of velocity and discharge 
ained by current-meter methods. The scarcity of meters available 
the work, the lack of ready facilities for frequent testing and rat- 

of the meters used, and the scarcity of water during the first 
tiths of the investigation render the results somewhat less valuable 
II they otherwise would be. 

'he writer takes this occasion to acknowledge his indebtedness 
tf r. F. H. Newell, chief hydrographer of the United States Geolog- 
l Survey, for his hearty cooperation; to Prof. E. A. Fuertes, director 
I dean of the College of Civil Engineering, Cornell University, for 

use of the hydraulic lal>oratory and a chronograph, computing 
Rhine, current meter, and electric register, and for kindly interest 
he work; to Prof. Gardener S. Williams, in charge of the hj'draulic 
oratory, for many valuable suggestions and for the use of a chart 

converting head on the Cornell University standard weir into 
>ic meters; also to Mr. C. E. Torrance, scholar in civil engineering, 
members of the senior class in civil engineering, and to Mr. C. D. 
J8, assistant mechanician of the college, for their cheerful assistance. 

DESCRIPTION OF CORNELL HYDRAULIC LABORATORY. 

lie Cornell hydraulic laboratory consists essentially, as shown in 
1. II, III, and IV and ftg. 15, of a canal 16 feet wide, 10 feet deep, 
i 415 feet long, with concrete bottom and sides and with a bed 
pe of 1 foot in 500. There are six rectangular gates at the upper 
I for controlling water entering the canal and four gates near the 
er end, two on each side, for controlling the depth of water in the 
lal. Fifty-nine feet l)elow the entrance gates is a bulkhead about 
5 feet high built of 12-inch by 12-inch timbers. On the top of this, 
11. 1 feet above the bottom of the canal, is fastened a steel angle 
a 3.5 inches by 5 inches by 16 feet long, with edges five-sixteenths 
h thick, which forma the standard sharp-crested weir. The lower 
I of the canal is closed with 12-inch by 12-inch timbers, which can 
moved up or down if desired and the wat^r be allowed to pass out 
ihe canal at the end instead of under the side gates. In the upi>er 
imber are two sets of baffles for checking the velocity of the water 
er it passes under the entrance gates. One of these is 7.4 feet 
m the gates and is made of 4-inch by 12-inch timbers placed hori- 
itally, with the wide face toward the current and spaced from 8 to 
inches apai-t. On the upper side of these timbers are 1-inch by 
ich strips, fastened diagonally and spaced 12 inches from center to 
ter. The second baffle is about 6.5 feet below the first one and is 
ilar in construction, except that the 1-inch by 6-inch strips an 
eed vertically and are spaced 10 inches from center to center 
Bnty-eight feet below the weir is a baffle made of 1-inch by 6-incL 
ps placed 3 inches from center to center, with the narrow side 
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towsnl the rurrvni. To Htill fiiilbpr igiiiet tb<> M-»ters nttmr 
ttu> weir, when the deirth b» wmUl «(ni Hie reliK-ily Iarg«. n 
tMlIlf wiu. conslrueteil of I-iin"h !iy (l-iin'h pfw-fts plaoeil vi' 
ftpAoiil :; inolied from n-ntvr to rt-iitor Htnl fnMf itml «» tlii> Up 
cif till' linfflrr jiiKt (lirM>rn»Ml. 

Air U niitnilltHt umlcr the fftllin^r t\\\cvt of wrUt through IS 
|(>-irii-li iiAWAp-A in llif ptmcrfti", one on each siile of llw w* 
beoil III! the woir nnO thr dfjiihof wniLT in ihecatml xre mc«i 
|i(eii>tui-u>nt Mini 1% htiitk e»fy. An n>n;;li t-heckA on theee i 
gn{f hiiNtilN aud » ill*] fingp were m-ciwionitlly !*•«!. The pi* 
toTgivinn tht* IihimI tin lUe stanilard weir i« fonneal of three 1-ln 
(P. /'. /*. Ah- IS> iierfitmlwl for 3 feel of their lenfTih will 
holer) n inchm n|mn »r<>iin<1 llie pipeo. Thvote Nn< pltuyMl 
oprtream from Ihe weir, with Ihi-ir ■ses parallel with tbn axi 
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canal, 4 feet from the bottom, nnd each connected to a pij 
extends down the Hoiith side of the canal to n point opposite 
houtie. From this point it is carrieil across the panal nlonf( 
tom and up into thi* {Ttiyi' house and is connected to a ^lasfl t' 
rublier hose. The lube is fHslcncd to ii swile marked to 2 mm 
Tile canal pieEonieti-rs arc HJmihir lo tliiwc of the weir, but hi 
one entrance pipe, which is in the center of the canal. The 
elevation of the water was read with tlie hiKik f;agc at the thre 
in fig. 15 marked "Standanl weir l>olt," "Croton bolt," and 
bolt," the elevation of each of which is known. The dial g 
the board gage G' show appn).\inintcly the hca<l on the standi 
in feet and hundre<lths and enable the man operating the 
keepa nearly constant head. A XwuM ftw-i^M i" V-W**** the * 
bolt"(CjB)shovH approximatwly vW dvv^^^ "^ v.*.\ft-c Ss^ v\w, w 
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SCOPE OF EXPERIMENTS. 

The exj>eriment8 naturally divide IhemselveH into five groups, which 

' we have calleil series A, B, C, D, and E. The experiments of series 

A were made at a section 158 feet l)elow the standard weir and 75 

feet upstream from a model of the Croton dam the height of which 

was feet and the upstream face of which had a gradual slope and 

extended to within 20 feet of the met/cr station. This mcnlel dam 

fonned a pool above it at the meter station and gave a zero velocity 

for 6 feet depth of water. The range of depths and velocities was 

therefore small. The water surface <luring the experiments was 

smooth, without l)oiliiig or swirls, witli most of the foam made by the 

water falling over the weir moving down in two parallel lines 3 or 4 

feet from each side. Three current meters were used in this series of 

experiments, viz, large Price meter No. 88, small Price meter No. 351, 

and the Cornell University Fteley meter. The latter was always held 

with a rod, the small Price meter wjis held with a cable, and the large 

Price meter with a cable in some of the experiments and with a roil 

in other experiments. About 3^ inches of mud had accumulated on 

the bottom of the canal above the model dam. After the first two 

experiments the mud was removed for a space of 4 or 5 feet above 

and below the meter station. For all other exi)eriments the bottom 

^as clean and smooth. 

Tlie exi)eriments of series B were made 234 feet l)elow the standard 
^eir and after the model dam had been removed. They are with 
high velocities and shallow depths, the scarcity of water at the time 
^stricting the depth somewhat. In all these experiments except 
^J^os. and 8 the tail gates were open, so that there wjis no back- 
water. The surface of the water was quite rough, being a succession 
>f waves, without swirls or boiling. (See PI. IV.) The same three 
betel's were used as in series A. The Fteley and the large Price 
'^ere held with rods, the small Price was held with a rod in some of 
^lie experiments and with a cable in other experiments. 

The experiments of series C were made 280 feet below the standard 
^'eir, as part of the tests of accuracy of the discharge measurements 
^f the New York State canals and feeders made during the summer 
^f 1900. They cover a range of dei)ths from 6 to 9.5 feet and veloci- 
ties from 0.23 foot to 2 feet per second. In most of the experiments 
^^ this series nearly all of the water was passed out of the canal 
'^^ugh horizontal slits in the bulkhead. The water surface was 
^0[iparatively smooth, being a succession of long waves, without boil- 
'^g or swirls. Two meters were used — small Price No. 363, operated 
^y the six-tenths-depth and integration methods, and small Price No. 
^1, operated by the ordinary method. The former was held with a 
^t)le, the latter with a rod, . 

The experiments of series I) were made ^'iO l^!fe\)\>^Q>N \Xv^>siX»X!A^«t^ 
'^ir, with Haskell meter No. 3 and stuaW Pm^\xv!e\«t^^. *^^'^>^^2'*^ 
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lu'ld with u t«blo. The range of depth wan fi-om 5 to !>,5 foet, itnil lh( 
VpI(KUti08 from 0.25 foot to 2 feet. The water surfnce was like that in 
Beri08 C — long waves, without bulling or Bwirls. Three niothodH oi 
obtaining velocity were iisod — the onlinarj", the six-tenths, ami the 
integration. Thia series is uot complete, the work being stopped bj 
tbu freezing of the canal. The piezometers could not be nse<l on 
account of the freezing of the pipoH. The h(wk gag© only was ueod 
to ineaRiirv t)ie head on the weir and the depth of water in the canal 
The exjwrinientB of series E were made with two smatl Price ineten 
and a llaukell meter, held with cables at NtAtliin 220 feet below th« 
titandard weir. The depth in this serie« varliHl from 4.6 feet to 9.3 
feet, and the mean velocity from 1.6 feet to 3 feet i>erse(.H>nd. It wa* 
designed ia extend the results of tlie previouK year Ut the highei 
velocities. The discharge measareinents were made in paint, tm in 
series D, so iw to comjiare the results of two meters wttk each otbet 
as well as the results of each meter with the eorrespoading weir difr 
charge. The liead on llie weir and tlie elevation of water surface 
were obtained from readings of the portablo howk gage. The wjitei 
surface was quite rough for these higher velocities, being a siicc«M<6ioii 
of waves, without swirls. To quiet it and enable the surface elevation 
to Iw more ac<!urately measured, in experiment* 9 to 22 two planks, 
2 inches by 12 inches by 10 feet long, were placed across the cana! 
about 3 feet ajuirt and 154 feet from the weir, fastened at the ends sc 
as to float on the surface and break the force of the waves. In experi 
ments 23 to 50 three of these planks were usetl. The planks servec 
their purpose very well, but distorted somewhat the vertical velocity 
curves. 

METHOD OP EXPERIMENTATION. 

The first operation in each experiment was to adjust the eotranc- 
gates to admit such a quantity of water that with the desired depti 
of water at the meter station the velocity would be about the desirea 
rate. The tail gates were then opened or closed somewhat, as th« 
case HMjuired, until the water reached the desired depth and remaine* 
steady. The staiidaixl weir gage was then read every thirty second, 
and the canal gages (one or both) were read every five minatesdurin^ 
tlie time the meter observations were being taken. When the hook ga^ 
was used it was rewl six times in succession, as quickly as possible 
at each of the three i>oints in fig. 15 marked " Standard bolt," "CrC 
ton bolt," and "Canal lH>lt," already described. When the ordinart 
method of operating the meter was used the meter was held at fn>n 
two to six points, dei>ending on the depth, in each of from five to eig\t< 
verticals, and thenumljerof the revolutions of the meter wheel in from 
one to two periods of from thirty to sixty seconds each was obtained. 
Usually it was two periods of fifty seconds each. In series C, ordinary 
method, one period of sixty seconds was used and the revolutions 
were read on a recorder. In all the other experiments except those 
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with the Fteley meter the revolutionH were obtaiiKnl from indieations 
of an electric buzzer. When the meter was oi>orat«Hl by the six- 
tenths-depth method it was held at about six-tenths depth below the 
surface in eight vertioAis, viz, 1, 3, 5, 7, 9, 11, 13, and 15 feet from 
the south side of the canal, and the revolutions were obtaine<l for two 
periods of fifty seconds each. The meter was then hehi at the same 
depth in the same verticals in the inverse onier, i. e., 15, 13, etc., 1 
foot from the south side of the canal, and the revolutions wert* a^ain 
counted for two periods of fifty seconds each. When the intef^mtion 
method was used in series C the meter was moved in the following 
way: It was startcil at 1 foot from the bottom (center of meter 0.5 
foot above bottom) and 1 foot from tlie side of th(» canal, and was 
passed slowly U) the surface at 4.5 feet from the side, then to the 
bottom at 8 feet from the side, then to the surface at 11.5 fc»ci frcmi 
the side, and then to the ]x)ttom at 15 fei^t from the side. The time 
at the beginning and end was noted and the total numlM»r of revolu- 
tions were counted. The meUu' was then carried back over the same 
Piith at about the same speed, and the time of passage aii<l the num- 
ber of revolutions were obtaine<l as IxM'orc. The in<*an time and the 
mean numl>er of revolutions of these two ])assages across the canal 
*»^ used as a single experiment. When this metho<l was used in 
*<*ries A the meter was carried only once a<*ross tin* <*aiial, and it 
^as started and stopped at the bottom (center of meter 0.5 foot 
*^>ve lK)ttom) and close to each si<le, and reache<l the sui'face -i feet 
*Ud 12 feet from the south side of the canal. When this jnetluKl was 
^-^ed in series E the met^M* was move<l sh>wly from the surface to 
. ^^ bottom (center of met<»r from 2.5 inches lw»low surface to 5.5 
^^cjhes above l>ottom) and back to the surface* in each of tlu^ eight 
Tticals in which the meter was held when the ordinary point mctluKl 
used. The time of passage of tlu» meter down aii<l back again 
each vertical was noted and the* revolutions of the meter wheel 
counted. 

REDUCTION OF EXPERIMENTS. 

The standanl weir gag(.» readings were averaged for the time of each 

" ^scbarge measurement, and the wading for zero head subtracted, 

^ ^ving the hoa<l on the weir in double centimeters. By means of a 

^ ^^art for converting head on weir into cubic meters per second and a 

- imputing machine the discharge in cubic feet per second was easily 

^ \)tained. The depth of water in the canal was found by adding to 

^' lie mean canal gage ivading in feet the difference in elevatioii of the 

^-anal bottom and the zero of the saile. The discharge when the 

Ordinary method was used was computed from the vertical velocity 

^urve for that experiment (see figs. 23 to 28). The observations were 

usually taken in the eight verticals at 1, 3, 5, 7, 9, 11, 13, and 15 feet 

from the south side of the canal, and at the same distance above the 

bottom. When observations in any vertical were missing, as in ver- 
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tii!*lB 7 aa<] 1 1 in M>riffi V. ihvy won- siippliwd by lnt*-r|»ulMti(>ii. Th 
meaB numlM'riif rt<viiliiLiunt<at th«<)eplhgf vAcliot*Mm'i.liuiiforihea 
«i|tht vwrtir-rtls was theo TouDd, Bonvert«tl iolo vtnlocity by Ihe ralin 
Ulth', iiliitUxl (HA In fl]r«. i!3 «■ S8), anil a mean onrve drawn. Th 
OM-au a)>H4tLH)ui iir Mh I'urA'i' Jtt the mean velncity in tlw emua HMtioL 
Uiv dw'lmiv*^' i» tl>" itnahurt of thlo vflotrity and ihii cntna-.'^'liiiu 
■rva. 

When thv »ix-t>-iitliK-d«')itli iiwiIknI was »am\ a horizontal riirve c 
Tolocity wan drawn iu a «imil»r inaunor and Ihe lucau vclwity w* 
fonnd from it. Tho mean \-olocily by thi' iuU>ffrattun niMhod wi 
obUlntMl bydirldinf; th*^ rovolultonM by the corrrapondiug lime an 
eunvcrtliiiK tite <)uuti«nt inUi velot'ily. 

DISCUSSION OF RESULTS. J 

l-Om-ARiaONN ItV DIMl^H-VKGE MKASL-MKMENTS. 
Thii Mbiwiiig taldtw gfvo the rw*nltw of the dlwrhHrf^^- ■.■uin^Mrisoc 
of M'rit^K A U> l>. 'ni«> Htniidanl wvir diwitiarifv (thint column) 
ibv moan for Ihv limp over wliich ihv ni«>U)r itbstirvntions (ardinil 
method) exU>ii<k'd. Il is nssuined to Iw the Mine for the tdiom 
i period o( meaHuring the diseharge t>y the six-tent h8-d«pth and ft 
Iniejmitioii inethoda. This is not strictiy true for lh»' larjriT dl 
cliarjifr., bill h is near enough for pntotioal imrimms. Tin- trt 
velm-ity is olitained by dividing the weir dischai^e by the croa 
xectional iin-a at the meter station. The other columns ar« sel 
explaiiHtory. 
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■ It in iweii frtftii iJic rnrt^iiujc l«liW tL»|. thf in4*l«r dltM-liftrir<* <li(T>tn> 
VtWiM tlwweir tlbtrtiarKt' nil ihv way from »» Hi 40 j>nri>ml- <»iii- mifcht 
My, without c-ftr«ful csatnitistion, (hut lh« currptit nH't«r miufl ben 
vi'r>- iinrfllHlili- vototrity-uK-iuniritiit Irutramenl: bnt wbon we examine 
lJiifM< n-Aulin i-nreruUy ntirl plot them according to velocity we And tlin 
lyuu* vi'ry ilKTvivitt. 1'alci) lirat the rMitlte by the onlituir>- mi'thod. 



, 3^- 










_ 


: i~" 


• 1 


1 ■ "- t ,_^ 


^=*,- - 


L • ^ - 






— ■- 


t •,— 


I ' 


^ 


ti 


*^^ 






- '-_i.— ^J — '—J — '— -' — ' — ' 



VKi.IH. -IHncriim > 
AlKUsrps frniD t 



olvtnlt)' vivM^BWBt ouuL LJna (Mf 



Th«w« an?- plnltj-*! ftir cim-U iiu-I^t in fljt- 1*1, ilsinp nifaii vcli.cily tiK 
alwc-iHHip tintl p<-n-i>ntH^t diffei-uiice as ordiiiates. It is seen that nearly 
all of tliese iminttt fall on wtdl-deflnod lines. The few exceptions are 
Ihom- in wlii<di the ilepth ia small and the errors of depth and position 
of nutter have a Largo olTeet on the measured discharge. The dis- 
eharge oblninitl with the Fteley meter differs more from the corre- 
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Hpondinff weir discharge than that obtained with the other meters. 
This M because it bad never l*eeu rated. The constant we have used 
in redneiufT the observivtions with this meter — viz, 1 revolution per 
second at 1 foot vciotMty= 1.072 — was obtained from obflervations 
by stiidenLs. It is not, however, much in error for this velocity, 
but is largely in error for other velocities. The rating obtained from 
these weir experiments is given in the table on pi^e 81. For the other 



7.1 



KXPEBIMENT8 AT COBNELL UNIVEB8ITT. 



(>9 



three meters the percentage ern>r is smnll for velocities above 1 foot 
per second. For the Price meters the error is positive and iiurreases 
rapidly as the velocity decreases- For the Haskell meter the error is 
negative and Increases, negatively, rapidly as the velocity <leerea8e8. 
The error in rating, if we may call it snch, is not so large as it appears 
from these diagrams, for a lO-per cent error in a small quantity is only 
a l-per cent error in a quantity ten times as lai^'. The rating tables 
as derived from these «tur\e,s and as fuinid by moving the meter 
through still water are given in tlie table on pagi> HI. Kx^MM-iments 
with depths of 0.75 foot or lcs.s (Nos. '■> ami 17 U) 20 of si-rles B) are 
not plotte<l in the diagram {fig. HI), as the pn>hable error Is large; nor 
are experiments 1 to 4 of series C, lie- 
cause the upper and lower parts of the 
vertical curves are not well defined; 
nor experiments 4 to 7 of s<'ries D, l>t>- 
caiise there appeai-s Ut Ite an error in 
the hook-gage work of those experi- 
ments. 

In fig. 17 are plotted the percentage 
differences between weir dis<'harge and 
discharge obtained by the six-t«nths- 
depth and the integration methrHls. 
It is seen that the meter discharge by 
these methods is gi-eater than the weii' 
discharge, being -1 or 5 p'r cent grt^at^-r 
for velocities above 1 foot per second. 
In the integration method, for small 
velocities the difference increases very 
rapidly as the velocity decntases. It 

is seen from figs. 16 and 17 that while the onlinary method gives dis- 
charge 1 or 2 per cent less than the weir for velocitii-s alH)ve 1 foot per 
second, the six-tenths-depth and the integration methinls give dis- 
charge 4 oi- 5 per cent greater than the weir. 

'l"he results of the disc-harge measlll■^^ments of series E are given in 
the following table and are plotted in tig. 1«, which shows three sets 
of double comparisons. Experiments 1 t« iO give a comparison of 
simultaneous measurements with small l'ri(;o mefatr No. M'-i and Has- 
kell meter No. 3, and also with the dischargi' obtained at the same 
time with the weir. Experiments 21 to it8 give similar comi>arisons for 
the two small Price meters and the weir, and experiments 30 to 50 give 
similar comparisons for Haskell and Price meters and the weir. 



-r 


1 1 1 [ 1 (1 1 1 








^-^.--^ 1 


1 


*_:«,-,-.^. r - - 


1 




* 


-„ ._*--. 




'-"■'•'•"■ , - ^ o 




a 


L 


^ ■• i^i^'^' '' ^ 



3 wing difference 
ari{a with differ 
dlBchsrge In ei- 
'. In Cornell Unl- 
cuiial. Zero line 



70 



A<X:i'BAtT MP KrKFAM MKASrBKMKfTTS. 







D*|rth'.f 


a.ot 




•rai-r In 


m!t 


Dm- 


T?^ 


'~ 


ML 


Mart 


i 


AH L... 


iS 


« 


■juiji:::. 


iS 


A 


!"!' »"r" 


',S 


I 




i'i 




'j«i tin 




g 




i.m 




s.a» 




;;;-|;;;" 




s 


is 


g 


;;;_•; |^;;;' 


I.HB 


B 


.;:;:3t;;': 


ill 


g 


AP^.., 


j.« 










"■■§■"" 




« 


T'Sf 


K7 






» 








April 11. 


e.iai 


n 




ILIA 
tkM 


» 


B.WI 


w 




IIW 






IklM 


n 


'."'Ao '.'.'. 


BIKI 


« 


... *._.. 




87 


ao,-,.. 


v'.tu 


M 


...ilu 




» 


ApMIS... 


• 3M 


U 






tl 

u 


ll.'.do';!' 


IB 


M 


.... 0..... 


it.tr. 


« 






M 




r»» 


(T 




T.sm 


W 




T.aM 






B.un 


w 


""''"" 


B t» 



1 iM £it,ai 






-«43 



SB. 3D 



Hiudc.S, 
llMk. 1 






».P,»SI 
EUak.3. 

to. 
B.P.»1 
Hmak-X 
8.P. Ul 
Ruk.a. 
B.P.SS1 
HHk.3. 



' Kiull rri['i>: Hank. - llukoll. Tbe flituroa slTen are the lueter : 



mrmiT.J 



EXPERIMENTS AT CORNELL UNIVERSITY. 



71 



Tlie principal results of the foregoing comparisonn have been con- 
densed in the following table: 

Table shotting percentcLge variation between iveir discharge and meter discharge^ 
and between meter discharge by different instruments of experiments in series E, 



Experi- 
menta. 



itoao 

Do 

flto38.... 

Do 

»to60.... 

Do 



Kind of meter. 



Haskell No. 3.. 
S. PHce No. 363 
8. Price No. 351 
8. Price No. 363 
8. Price No. asi 
HaskeUNo.3. 



Difference between standard weir 
discharge and meter discharge. 



Max. 



Perct. 
-4.73 

-3.87 

-l.«9 

-2.77 

-4.« 

+0.85 



Min. 



Perct. 

o.om 

+0.01 
-0.13 
+0.23 
-2.07 
0.27 



Mean.* 

Perct. 
-0.33 

-0.76 

-1.38 

-1.56 

-2.78 

+0.40 



Range. 

Per cent. 
-4. 73 to +2. 86 

-3. 87 to +1.27 

-1.89 to -0.13 

-2. 77 to +0.23 

-4. 60 to -2.07 

+0.85 to -0.27 



Difference in discharge of si- 
mnltaneons meter meas- 
urements. 



Max. 



Perct. 



2.86 



1.68 
4.67 



Min. 



Perct. 



0.34 
0.31 
1. 



80} 



Mean. 



Perct. 



•0.29 
»»1.60 



•0.18 
»»0.90 



•8.22 
I f8.22 



Range. 



Perct 



I 2.51 
I 1.87 

I 2.87 



• Regarding signs. 



*> Disregarding signs. 



It is seen from this that in none of these fifty experiments does a 
meter discharge differ from a corresponding weir discharge 5 per cent, 
and in no case do two simultaneous meter discharges differ from each 
other 5 per cent. In experiments 1 to 20 the mean variation from the 
weir discharge is —0.33 per cent for tlie Haskell meter and —0.76 per 
cent for the Price meter, while the mean difference between corre- 
sponding meter discharges is 0.29 per cent. In experiments 21 to 38 
the mean variation from the weir discharge is 1.38 i>er cent for Price 
meter No. 351 and —1.56 i>er cent for Price meter No. 363, while the 
mean difference between corresponding meter discharges is 0.18 per 
cent. In experiments 30 to 50 the mean variation from the weir dis- 
charge is 2.78 per cent for the Price meter and 0.40 per cent for the 
Haskell meter, while the mean difference between corresponding 
meter discharges is 3.22 per cent. 

The range of variation of meter discharge from weir discharge is 
greater than that of corresponding meter discharges. This is to be 
expected, however, since there are a number of possible errors in the 
former which are not in the latter. Errors in measuring head, depth, 
calibration of weir, velocity, and rating of meter affect the former, 
while only the two latter errors affect corresponding meter discharges. 

It is also seen that the mean of the difference between simultaneous 
discharge measurements Nos. 21 to 38 is only 0.18 per cent, and the 
extreme range in these eighteen consecutive measurements is only 
1.37 per cent. How much of this error is due to errors in the rating 
table and how much to errors in observing velocity we were unable to 
determine, as good facilities for rating were not at hand. We are, 
however, justified by these experiments in the statement that the dis- 
charge of this canal can, with a small Price meter, be measured to 
Mthin less than 1 per cent when the mean velocity in the canal is 
from 1.5 feet to 3 feet per second. 
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I' m nTKKAU UKAttl'KKMENTS. 
VKL<K'1T\- (HfKVKS. 

ity ill lliii ero8»-M*ctlori«l *m'« of wlmKrvHtion 
HH) hIiowii in Qkb. 10, :?0, 
Sl.nni] 33. Four expcri- 
mntitB ore Mtlivtjni (nn(> 
from CAoh writtx) fnrni the 
Hi.xty-flvft <txiH>riinciiti) of 
Bori«* A t4> [> liy Ihf ordi- 
iiiiry nipth("i. to Hhiiw thff 
variati'rti of vi'li><>ity in 
tJi*- Ncctioiui. They an^ 
w*If-*'Xplanat«ry. Fiji. SO 
iUuHtmt4*t4n camc nf Minall 
(Inpth, high vdliK'ity. and 
no liack-waUT cirt-t-t . Th<> 
nia.\tmutn vt-lin-ity in at 
thf siirfacr, nearly m!d- 
waj U'twt'en the liaQk^. 
In fitpi. 10. ^1. aitd ■£■! the 
ma\ini)tiii vchn'lty i« Ixt- 
hjw lh« surfa('4^ and not 
midway b(>twp*>n the 
Imr.ks. It i.s !,.«« j.i iho 
(■..|il<Tlli;ili:i'>|-lf.-.-l fn»lli 
It oither side, Thi« Ls trne 
of all the experiments of 
series A. We tried ad- 
mitting the water to the 
upper chamber of the ca- 
nal in various ways, by 
opening some of the gates 
and closing or jMirtly clos- 
ing others, but the distri- 
bution of velocity »p- 
pearetl to be nearly inde- 
pendent of the openings 
through which the water 
was admitted t« the canaL 
Horizontal velocity 
curves^are shown in these 
same figures (19 to 3i'), the 
!■ velocity curve at six- 
' tenths depth below Ihe 
surface l>eing shown, and 
lu these figures the velocity 
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near the north side of the cauaI is somewhat less tliau that near the 
south aide. This is true of all the experimeuts of aeries V and I>. It ia 
dae to the north side of the canal being much rougher tliaii the aouth 
side, the concrete of the north side having been cut away preparatory 
to ita repair just previous to making the experiments of aeries C. 

Vertical velocity curves for these four series of experiments (A to 
D) are shourn in flgs. 33 to 
28. Each of these curves 
is the mean of olwterva- 
dons in the eight verticals 
1, 3, 5, 7, 9, 11, l.f, and 15 
feet from the south side 
of the canal. For si-rics 
C and I), figa. 211, 27, and 
28, the observations ol>- 
tained with small Pri<.-e 
meter No. 3G3atsix-tentlis 
depth are shown by the lit- 
tlesquares. Asanilethey 
fall outside the curve, 
meter No. 3G3 iiidicatinf^ 
asomewhat gi-eater veloc- 
ity than iheter No. 351. This fa<!t is also sliown by the corresponding 
curves of figs. Hi and 17. The two sets of velot-ity curves (full and 
dottetl) of Jig. 2S were foiiud from simultaneous velocity measure- 
ments. Two parties measured velocity in tlie same section at the 
same time. One party, with the Hitskidl meter, starle<l near the south 
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Pro. 2a— Vertical velooitr ci 
KoB. 1, S, B. 1& Slid 13 are toi 
meter Ko. 3G1. 

Bide of the canal and worked toward the north aide; the other party, 
with the Price meter, started at the north side and worketl toward 
the south side. It is seen from these curves {fig. 28) that the bottom 
velocities j^ee more closely than those at the surface, and that the 
Haskell meter gives a much larger surface velocity than the Price 
meter. We should expect a little difference, since the revolving head 
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with tbv tDAXuama wlnritr al Uw oarrKv- «ail tbt? nitwn velix-ity nl 
ntil ilt^iiUL For d«ptkfl of 9 ur 9 fcvt mw\ Mnall rvlorttien the furv^ 
b Tvry Am, «itk ti»i< BAximinB wlority at t«u-l«DtJis to Uiree-leiithft 
dtfiitk aad tbr iwui iri iwft y at stxty-flnf-haodndths to Beren-t4>nlha 

tli-[i)h Im-lii* Ihr siirf«r»". Thi^ nwfiu- "f I'xurntoiv dwreJL-*!- «i* tht- 
vekx-ity iiiorvMSt^ In all of thet*e curves the least velocity is at the 
bottom. Xos. C and S, perieis B. fig. 25, show the effect on the vertical 
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velocity curve of checkiii}; thcdischai^cat the lower end of the canal. 
For all the other carves of fig. 25 there is free discharge. The effect 
of checking the discharge at the lower end is to force the thread of 
maximum velocity from the surface to a depth of two-tenths or more. 
The table on page 77 gives the position of the threads of maximnmand 
mean velocity taken from the curves shonni in figs. 23 to 28. It is 
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difficalt lu l(>eiit« th*t Ihreiwln with acciinuiy, Hiiioi^ v<>r.v littlo (change 
in the shape of the curve would make a t;reat> change hi the pOHiti(>n 
of the threads. It is eaHily seen that the Mhajx- iriay 1h> <-haii|!e<l some- 
what and yet fit the observations nearly as well iks the one drawn and 
give a discharge difTerin); fntm it but little. For veloeiti(«H of a foot 
or more per second, however, the threads ean be lotnted with a fair 




degree of acciiraey. The i>osition uf tlin thread of maximum velocity 
as found from wries A is iH^hteeii-luiiuln-dtliH d)*pth )>elow tlie sur- 
face; for series It it is <me-t<'iith depth; fur mcHcs C, thirty-eight- 
hnndredths depth; and for si'ries 1>. twc>iity-four-hundr<>d1)iM depth. 
For the mean of (.' and [), in which Uie conditions art^ m-arly the same, 
itis thirty-one-hundreiUhsdcpMi. The position nf the thread of mean 
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velocity as shown by this table is aixty-six-hiindredths depth for series 
A, fifty- f on r-hiindre<lths depth for series B, and sixty-six-hundredths 
depth for series C and I). It is seen that the threads of mean and 
maximum velocity are nearer the surface in series A than in series or 
D, although the depths do not differ much. This is probably due to 
the iuflaenoe of the Croton nio<]el dam, the long upstream slope of 
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7R AOdUBACY OK WTKKAM MEASUKKMKNTS. 

The firat of thw following t«blea gives the meim, maximum, am 
iKittom velocities in tlie exiieriiueiitB of series A, C, and t>, aluo thi 
ratio of bottom velocity to mean velocity and of mean velocity U 
mid-depth velocity. It ia seen that the ratio of mean velocity to mid 
depth velocity is niueh more nearly constant, and hence is better t* 
use than that of mean velocity to botuom velocitj'. The second tabh 
gives the ratio of mean velocity to three-tenths-depth velocity, and o) 
mean velocity to Hix-i>enths-depth velocity in aeriea A, C, and D. Tht 
ratio at three-tenths depth is seen to Ite more nearly conalont t 
that at six-tent)is depth. 
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x-tentlu dB|>th baloir the mrftka. 

MBAN VELOCITY BY INTKUKATION IN VKBTICALa. I 

Th« moati velocity in the diHchargt' section y/n» obUinoil 1 
methwl iif iiitoyratioii tii Mio rifilit vfrticjiis I, :i, 5, etc.. iiiiiM<-<I 
after making experiments 1, 3, 9, hdi} 37 of series £. In tbe f 
ing table the velocity thus obtained is compared witli that obi 
by the ordinary point method in the experiment just preceding 
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It will Ik> Hceii that t'.io 
being 3 t>er eciit . 

RATING METERS IN STILL AND IN MOVING WATER. 

The results of ineU^r and standai-d-weir comparisons are giv 
the tables on i>ages 64 to 07. With ;i few exceptions, already 
tioaed, these are shown graphio^lly in figs. 16, 17, and 18, paj 
and 09, The straight lines (!-!>' represent in each case the we 
charge aud the curved lines drawn throiit^h the plotted points i 



T-l 



EZPKKIHENTS AT CORNELL UNIVEBSITV. 



Kl 



sent the percentage varialiuii nf thu iiivttir diMrlmrKi* from Mit> 
correspomliiig weir dittchHrge. The metvr iliHc)i»r|f« In <-i)iii[>iitiHl 
from a rating liable prepared from ratingH in Hiill walt-r. If wu 
atuume that the weir discharge in correet, then tlii>«o curvtiH mIiow thit 
percentage difference hetween a rating in Htill wnlctr and a rating in 
moving water, and furnisli the data for preimring a ratitig UihU- for 
moving water front the oui; fur Htill water. Wo have only to apply 
the correction to any velot^ity for any givi-n huuiIkt of revohitioni) 
per Becond, shown on the proper diagram, to o))tain th<- vohiclty in 
moving water. This hun h«-en done, and lh<- rating taldeH of tho 
meters in still and in moving water are givrn in thi< following tahte. 
The velocity in moving water forany pven nninlMMof ri'volnlioris |H>r 
■ecood in greater for all Bl>eedH of tin- Priwi nu-lcr-M Ihan lhi> vehtulty 
in still water. For the IlaHkell nieUrr (a projiellcr inHtriiiiiunt) the 
velocity is lesH in moving water than in still walcr for low velocitiiM, 
and prolwibly about the Name in moving water hh in Hiill wah-r for the 
higher velocities." The discliarges might now Ix; computed, iiMing t)ie 
rating tables for moving water, and they would agn-*- clnst.'ly with 
the weir discharges. New vertical velocity ciirviw have been fonnd 
for series A, and the mean velocity iMcertained from I. hem. The 
shape of the new cnrve differs little from the old onc^ as the range 
of velocities for any curve is small. The now velucitHes obt-ainec) 
from the corrected curves aro given in the second column of the 
table. 
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Ik Pteler meter do uot verify this i 



1, from Btm-water ri 



-Telocltf , In feet per eco- 



IttB tJJr— 02 6 




ta the vanAtion f^ Um> meiB 

Ikr Tctariljr drcrcwes is t« h 

Ite Tthettit,! are eofnpoted 

hMlfeecaaO Price Bum-wQ 

a» Ab Bcan TetoeHjr f hvm 

and tke aeter wheel mrolTea 

nw bHd. The obaerrstioniii 

I* tk» Tetoctijr. hoiwever, simI do not war 

«f • taUac tatiie BJTtac reloritioB of iem than 0.i 

aoC fl«aO Price awirr N& 351 on SU7 9, IWH 
■ M. Ikeie am oalj f(Kir wfaeerralimm for vetoci 
1 ptt seooad sad a—e below O.tA foi't per seoond 
B^Ok tdte to n Jo dtiM kw thu <».5 fuot per eeOHOd I 
no theMHi^iim that this part iif tlie mOoe eanre i 
t tibP. Thai tUi b wteijttr tnm the tnah eao be fieen f ran 
> an lanii itira of the tlu«e ««n«» at Sg. B. Aaethttr nmatm is tha 
e Hho«B bv the Coradl ITafv«nl(7 ataadard mrir i» pn>lMtbI; 
I to 3 per cent loo laIp^ for hi« head» tn the wi^r. Recen 
■ to tnaiicale thte fart. ThcMt twM raUMee. however 
K for oaljr a eonparatireljr Raall part of the cliiren>oce betweei 
■it-nrirr and «>«tr disehariee at low veloriliei which the expert 
m>-nl» of M>rM-» A an'i (*. nnd orhers ma<l<^ ■iti'v the writintr of th< 
Ixjdr of thbi [taper, indimt^. The failure of the meter to indicate a 
hi):b a vel<M-ity when held in a ven- slow-moving current, as when tb 
meter Lt dra^gt^l throuifh itliU water in the direction of the current 
in probalily d-:*- I'l the Mn-ura lioesi becoiuing more and more obliqtn 
to the axb* of the '-anal ».« the velocity decreases, and conseqaentl' 
Iheir im|Mict on th<- metrr l<einp less than when they moved mor 
nearly in tht- direction of the asLs of the canaL 




EKRim IS rSING .W'EKAUE OF BOTTOM A»a> SCBFACB VRLOCTIIKS FOl 
MEAN VEUK-ITT. 

The following table f^ves the mean velocity and the average of thi 
vckx-itifs <!.-> Unit alxjve the bottom and 0.5 foot below the sorface fo 
theexperimfnbiof series A,C, and D; also the error, in percent, madi 
by tiHitif; the avera;:e 'if surface and Iwttom velocities instead of thi 
mean velr»city. It is st^'n that in all these experiments except two thi 
mean velo<;ity is [(reatcr than the half sum of the surface and botton 
vrjiofitiesithedifferenee varying from —2, 2 per cent to + 30.6 percent 
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Table showing relation between mean veliKity ami average of surf ace and bottom 
velocities as found from Cornell Vnii'ersity standanl tveir and from current 
meters in Cornell experiment canal. 



No. of 
experi- 
ment. 




Series A. 






V 


V 


V-V 
V 


V 

Feet i>er 
second. 

hunt 

0.933 

0.477 : 

0.365 1 

1.444 

1.018 

0.5(8? 

0. 355 

0.515 

1.914 

1.38:1 

0.8!« 

0.47H 

\MA 

0.915 

0.339 


I 

2 

3 

4 

5 

6 

7 

J* 

9 

10 

11 

IS 

13 

14 

15 

16 


Feet Iter 
aecond. 
1.164 
0.578 


Feet per 
second. 
0.987 
0.416 


Per cent. 
+ 15.3 

f37.5 


1.368 
0.841 
1.463 
1.066 
1.066 


i.m 

0.749 
l.:iH4 
0.965 


+ 6.1 
+ 10.9 
f 5.4 

+ H.6 
f-10.4 




:::::: :: :: 


0.9H0 
0.643 
0.788 


0.8H7 
0.476 
0.687 


+ 9.5 
+35.9 
+13.7 























SerieM C. 



Series D. 



Feet per 

second. 

1.413 

0.954 

0.44{8 

o.3:)l 

1.364 
0.940 



0.177 
().4^J5 
l.7:«) 
1.139 
0. 759 
0.433 
1.311 
0.784 
0.179 



V 



Per cent. 

- 0.3 

- 0.3 
+ 0.3 

+13.8 
+ 5.6 

+ 7.7 



fTee t pi'T Fee t jter 



second. 
1.538 
1.538 



sfcond. 
1.436 
1.436 



I-:*). 6 

+ 15.5 
f 9.6 
+ 13.0 
+ 15.0 
+ 11.8 
+ 9.8 
+14.3 
4 21.8 



1.905 
1.9(r> 
1.619 
1.649 
0.955 
0.955 



0.6K9 
0.689 



1.8(»7 
1.779 
1.613 
1.590 
0.973 
0.897 



0.704 
0.659 



V-V 



Per rent. 
+6.2 
+6.2 



+5.2 
+6.6 
+2.2 
+3.6 
-1.9 
+6.1 



-2. 

+4. 



F— mean volocity found from Htandard weir. 

P— mean of velocities 0.5 foot above bottom and 0.5 foot below hurface, an found by meters, 
imoorrected. 

From the foregoinij; table, and from the table on page 70, in which 
is given the ratio of bottom velocity to mean velocity, it apx>ears that 
bottom velocity is not a desirable ([nantity to use in computing 
discharge, for it varies between too wide limits. In a stream with a 
8tony or gravelly bottom the limits must be considerably greater than 
in the Cornell Ciiiial with its smooth bottom. Observations at mid 
depth or at six-t<5nths depth give better i-esults. 



COMPARISON OF RESULTS BY THREE METHODS OF OPERATING METER. 

Three methods of oi)erating meters have l)een used in these experi- 
ments, viz, the ordinary method, the six-tenths-depth, and the inte- 
gration. A d(»t ailed account of the manner of o[)erating the meter 
by each of these methods has been given on pag(^s 02 to 03. The time 
required to make a discharge measurement was from thirty to sixty 
minutes with the ordinary methoil, from twenty to thirty minutes 
with the six-tenths-depth, and from five to ten minutes with the 
integration. 

The results by the ordinary method in series A to D {fig. 16, p. (is) 
give for each meter a well-defined line which agrees with the weir 
line (0-0') within about 2 per cent for velocities greater than 1.5 feet 
per second, the meter discharge being less than the corresponding 
Weir discharge. 

The agreement with the weir discharge is closer in series E than in 
Beries A to D, being —0.03 per cent for the Ilaskell meter, —1.13 per 
Oent for Price meter No. 363, and —1.88 per cent for Price meter No. 
351. The results by the six-tenths-depth method do not give as well 
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Avfitii-d ft Hni' (11((. I") fiir fiM-li int'lrr wt il" IIukw by th* onlinnry 
Bli'(li<xl, tlir HifttT rliMctiHncv bi-Jit^ rmm 1 to n p4<r cent grcatpr tliaa 
tiu- vurnwpcmiling wvir (tJMchtu^tt, aiid tliv mean tM-ing 3.5 per o«Qt for 
11 I'ricH nio1«rNo. 3R^. If Uib olMervatiotm with Ibe latter meter 
\»eu lakiMi at Hixty-foar-faundrcKlthH (lr>pt)i Intiteiwl uf ut six -tenths 
depth the liuu repnM>>atiiiK the mean would c^ihioidv with the weir 
line IV-f)', and tho tfreahwl p«r(>ontAK«- x'arlHlionn fmm the mean would 
bt' —2.5 jK>r (■(•nt and 4-t'.S ]>fT (•ent. 

Thv ratKiiltK by tbo iiilv^ratiun method do uut tfivc a well-dofined 
Uiiv. Ttiu inetvr duwharKu it from I por <.-L<ut to [wr cent greater 
UiftU the woir diw^hurfje for v(>locitieM greator than 0,5 foot per second 
Ib tho expt>rimtint« of serieH C and I), and fmm t« 5 ptsr o*!nl less 
ihan the weir disciharge for th« cxperimonttt of aeries A. Th« follow- 
ing table giveH (ho tnie velocity an found from the weir and the 

pyelocJty found by tho tnbeKrHtfoit method for different speeds of (he 
l)iet<>r, alw) tho ratio of differenco between these velocities and the 

^■fcnie velocity, exproawd In (wr oeut: 



TMe 



effrei of nirtufuin u/ KpKfA uf nwter In integration method. 



^ 



Ooiobei 






•S.P.-BDUiIl Price; L.P. = larBoPrJ<x-; Hiiak. - H 



. Plgaraaglrea ue the onmbera of 
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TdbU showing effect of speed of meter on observed velocity as found by the integration 

method in experiments of table on page 84* 



ErperimentB Nos. 9 to 26, omitting Nob. 12, 16, and 24. 


Experiments Nos. 1 to 8. 


Speed of 
meter 

aioto 
ai4. 


V 


Speed of 

meter 

0.14 to 

0.18. 


V 

Percent. 
-5.36 
-1.68 
-3.99 
-7.77 
-4.29 
-2.98 

-6.:« 


Speed of 

meter 

0.18 to 

0.30. 


K-r, 

V 

Percent. 
-4.64 
-3.(Ki 
-6.71 
-9.51 
-0.78 

-4.m 


Speed of 

meter 

0.05 to 

0.15. 

Feet per 
second. 
0.056 
0.043 
0.032 
0. 101 
0.079 
0.055 
O.OtJl 


V 


Speed of 
meter 
0.15 to 

o.aa 


V 


Feet per 
mcond. 
0.118 
0.137 
0.135 
0.180 


Pereent. 
-1.42 
-5.20 
-5.90 
-4.20 


Feet per 
aecond. 
0.142 
0.164 
0.143 
0.142 
0.154 
0.151 
0.150 


Feet per 
»econd. 
0.180 
0.188 
0.293 
0.258 
0.253 
0.234 


Percent. 
+2.66 
H.54 

+0.0B 
fO.OO 
+0.09 
-0.01 
+ 1.SJ 

J 


Feet per 
Hecond. 
0.162 
0.270 


Percent, 
+2.60 
+5.85 






















0.211 


+3.97 











This ratio is i>ositivo for uU the exiM»riin(^iits of si»ri(»s Aan<l is nega- 
tive for those of C and 1). This difTerence of sign is due to two eanses: 
(1) The meter was moved fast(U' in tlH'!(^\p(»rim(Mlt.s of C and I) than* 
in those of series A; and (2) it was movcMl through only 14 feet of the 
width in series C and 1) and through m^arly 15.5 feet of the width in 
series A, and the additional 1.5 feet of width had a small velocity. 
It is seen from the above tables that for low velocities the error in 
velocity increases as the speed of th(» met(M* incn**is(*s. The table on 
page 84 shows this effect for velocities from 0.5 foot to 2 feet per 
second. 

COMPARISON OF RESULTS OBTAINED IN 10(X) WITH THOSE OBTAINED 

IN J1M)1. 

Examining the plotted results in figs. 10 (i)age 08) and 18 (page 69), 
it is seen that the meter discharge, coni[)arcd with the corresponding 
weir discharge, is somewhat larger for the work of 1 i)01 than for that 
of 1900 for velocities greater than 1.4 feet per second. Thif^ can not 
be due to change in rating of the meters, for an in(*reaso in the fric- 
tion in a meter would nnluce the observed velocity and make the 
meter discharge too small. There was considerably more seepage 
into the canal when the experiments of series E (1001) were made 
than at the time those of A, B, C, and D (11)00) w(»re nuidc^ There 
was also quite a little surface water entering th(^ canal between the 
weir and the meter section in the experiments of series E. It is hardly 
possible, however, that, this inflow betw(»en the w<»ir and the meter 
section could amount to 2 ])ercent of th(» canal <lischarge. It must Ix^ 
borne in mind in this connection that the discharges obtained in 1900 
for velocitieB greater than 1.4 feet were in shallow water, and there- 
fore are not so reliable as those obtaimid in series E. 

EFFECT OP METHOD OF HOLDINO METER IN WATER. 

In some of the experiments the meter was suspended from a cable; 
fa others it was held in the wat4»r with a rigid rod. In the latter cases 
its axis was free to move alxnit a horizontal axis; in the former cases 
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'8A ACCVRACJ OF »TKt:A]f MKASrREHKNTtt. f: 

It VTAM (tvf tu ni«iv<^ Mlmiit A vcrlioHl ah wt-ll am a linriumlal axift. 
Wtwii iiwil xrttli « catile a xlnki-r iii nwH^Mnr)-, wtiivli, iKting HtlAvlutl 
to tbtf iiniltT fitilti (ir thti Dii-trr, lufpn the Hxix of l.liv ruvoh'jug wUithsI 
farther fnim tbi^ ImlUiin thAU is iltMtrablv in twam vne»». It in aImi 
dlfflpitlt Id km^p t>ii- nt«t<-r [n any dwirmi jjlace when held with a caIiIh, 
and it DHualiy i-hantrra its [KMitioD ««isider»bly in a swift current. 
It wtut In ittder Ut in^tiLsarc ih*> velocity olotie to the liottom arid keep 
tlif mcf^r Ht II ilcHintl plwf ilurinj; ihn i>>KU*rvatJon tJtat in many of 
th4» f>x|M'rluinniM Uic nif-l^^r wo* hi4il with a ««!. hi onlinary river 
KmcinfC. hdwvvvr, the Price and IlA-okell nielen* are hohl witli rubles 
and the uieteni arr ratiHl in utill walvr MtHpcuded from a i-^ir and 
cable. The qumtion then atoho: *'I?tthe rating (Able for » meter a«ccl 
t)UR|)cn<toil from a rablo appUeable Ui the same meter held with n 
riittd rodr" 

On Th-oemlMT :xi, [Wm, Mr. K. tl. Panl ma<le two ratings of .snuill 
Vrie« inohT Nil. 3S1 in mllll water, nn« with l-lio niel<'r hehl with a 
r^intl ma] and the othi-r with the mvter huld with a eablit and a A-itound 
IbwI sinker. In the fnllowing lablijH (pp. ^7 and )U) Hru given the 
otwar valiant and eomputiU iourt of thefu* ruling. The Ht>con€l column 
("time in oeooudfi") gives the average lime required for the ear to 
whieh Ui« nieler wan attaobeKl l4i move over a run of KXf feet, and 
AgHhi ovfrtlie tuimi> onurHO in the nppoaite direction; the thinleolunm 
jliv<s the iMimlKT of revolutions observed in this average time; the 
iseventb column gives for each of these casen the difference between 
the olwerviHl velocity and the velocity eorapnteti from the old rating 
table of April 2:\ liMMi, for the same met^r held with a cable. The 
tenth cohimii of the first table (p. S7) gives the difference between the 
oltservet] veh^-ities anil those computed from the new rating table, 
which is billed on meter rated in still water and held by a rigid rod. 
Ttic iMirtiun of this new rating t^blc which was nsed in redneing the 
t'ornell exiM.'rimpnls is given iin page HI. By comparing the corre- 
s|>aiiding quant it it's in I lie seventh and tenth columns of thi.s tabioit 
will l>e seen how much m<)re closely the values in the new rating table 
fit the ol)serval ions than do those of the old one. The tenth column 
shows also how much the relalion between the revolutions per second 
of this meter and the velocity as ahmvn by these olMservatious differs 
from the " nio.sl probable" straight line, y^0.Oi7-^-2.'-il'.i.e, y being 
vehx'ity in feel jx-r secoiKl ami x revolutions of met*'r wheel per se<"- 
ond. From the seventh colniitn of the table on imge ST it is seen that 
the observed velocities ant largiT than the computed velocities, indi- 
cating more friction in the meter on necenilier HO, IftOO, than on April 

2;j, looo. 

The " most probalilc " linear relation Iietweeii :r and y for this case 
of the meter held with a cable was found to ln^ ij =OMi7+2.:i2lx. The 
differences in the tenth culunin show that Ibis line does not fit the 
observations. It crosses the eurv<' given l\v the olwer^'ations twice as 
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y increases from 1 to 8 feet per second. The rating table was pre- 
pared by using this line as a basis, applying corrections as indicate<l by 
the corresponding difference of the tenth column, and also that the 
rating table will difference smoothly. The numl>ers in column 12 
show how closely the observed velocities agree with those computed 
from the new rating table with the ineUir held with a cable. 

It should be noted that the smallest observed velocity is about 0.5 
foot per second in one case and 0.35 foot in the other cas(\ 

CbservatiotiM and computations of a rating of small Price meter No. ,3/iI field by 
rigid rod^ made at Cfievy CfiasCj Md,, DecemJtmr 30^ liHK). 
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Sands. 


4. 


5. 


6. 




Length of run, 
100 feet. 










Revo- 






Ko.or 

ofaser- 
▼ation. 






lotions 

per 
second 


Ob- 
served 
velocity 


Com- 
puted 
velocity 


Time. 


Revo- 
lations 
of me- 






ter. 










Sec- 






F^eet per 


Feet j)er 




ondM. 






neconti. 


second. 


1 


9.25 


43.00 


4.648 


10. 8n 


10.815 


2 


10.5 


42.50 


1^4. 048 


b9.534 


9.4416 


3 


16.0 


43.00 


2.688 


6.250 


6.2:n 


4 


22.5 


4;). 00 


1.911 


4.444 


4.414 


5 


36.0 


42.25 


1.207 


2.857 


2.797 


6 


45.0 


42.00 


o.9:« 


2.222 


2.18^) 


i 


53.0 


42.00 


0.794 


1.887 


1.867 


8 


54.5 


42.00 


0.774 


l.KU 


l.82:j 





6K.0 


41.75 


0.614 


1.471 


1.461 


10 


85.5 


41.75 


0.488 


1.170 


1.174 


u 


106.5 


41.00 


0.:j8f> 


o.\m 


0.944 


12 


113.0 


41.00 


0.363 


0.885 


0.891 


13 


154.0 


40.50 


0.263 


O.fUO 


0.(i6» 


14 


197.0 


30.50 


0.201 


0.508 


0.522 


15 


220.0 


39.00 


0.177 


0.455 


0.569 


16 


293.0 


36.90 


0.126 


o.:m 


o.:k>i 




15.5?i 

1 


aw. 724 





7. 


8. 


9. 


10. 


11. 


Differ- 




RoRid- 




ence 


J^ 


jru 


nul 


f" 


(y V')- 






(••). 




Ft. per 










second. 










.004 


21. (XM 


50.245 


H.^rrf* 


.003481 


+ .119 










h.cnu 


7.225 


16. 800 


.oii 


.(MV196 


\ .\w 


3.«Wi2 


8.493 


.022 


.000484 


1 .060 


1.457 


3. 448 


\- 018 


.00(»24 


\ AW 


0.870 


2.07:1 


J .1117 


.000289 


f.03f) 


o.6:«) 


1 498 


t-.OlH 


.OOOINNI 


f.012 


0.5tl9 


1.420 


.(NE{ 


.(N)0009 


f.OlO 


0.377 


0.903 


f.O(M 


.0(NK)16 


-.00* 


o.2:» 


0.571 


.006 


.0(MMK)6 


-.005 


0.148 


0. :)»2 


] .001 


.(NKXVl 


.(NN( 


0. i;r2 


o.:{2l 


.002 


.(MMIOOl 


AW 


0.069 


0. 171 


.(Nt6 


.OtNKKM 


-.014 


0.040 


0. ]iti 


.004 


.000016 


-.014 


O.iXil 


o.(m 


.(Nil 


.(NKNIOl 


-.010 


0.016 


O.OI^i 
8<{.5;U 


-.(«H 


.OIKXJOO 




:}7.(i88 




.U^i911 



^Computed from rating table prepared from rating (»f April 23, 190(). 
^Omitted in computing 2 x and £ y. 

NOTX. — Observation equation, y—a-bx=v; normal ecinationa, a E jr+b 2 x*= Jx^^, nn+hZx=Xy. 
F6r thefle observations these become 15.5?i a -f-37.088 b =m.rm , 15 a + 15.572 6=36. ?i4. The solution 

-^.=■.019. 
The probable error of result is r>,745 a/ - -'— , ^^A*il 
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Tin- ioVu'^in^ Lklik- sb<>»-s ^l^^ ]<cT<oniu^ di tf tr tt* <rf vdority for 
*«(-1j 'ma'' WT.vnnoii fiir ib<f<>e iw<i «-a_Tt. <rf IxtMwf; ihv meter. It is 
i¥^i\ ihai k r'jvf^ namlv-r t>f n■v(•]Dli<«^ pt-rnfirotd of tlusiB«t«r iodi- 
<t9ii*^a hicirt-r vfi,«-;Ty vbr-n :i i> Wl<3 «ilk anaM^tbun when it isbeM 
wiib a r-i£^ n-j. «I^] ih»i ilii> jm-ttv-suuk- diffrreaee decreaseis as tlw 
v<-kK-nT iiK-rwtjtrs, In <nin-r ^-a-ii^. in > prf« rvloeity tfar ispter will 
revolTt- fasi^r vbr-n kw-l J viik a riri'] rod tk^B wfara lK4d vitli a catde. 
li Tuasi 1"c rt-iiK-Tiiiii-rf-^ ih*i ih*- v*;oes iriTvn ia ikis taUe for veloci- 
iK- l*-^ iluii) aliitiii " <• f'lt'i iH-r ^•<i>oJ are oalr approxiouUe, sinoe 
ib^ iiliw-rAjiiion^ li-.- rn«i *-xi«-iHi Ih-Imt i'.,'!.'* foo* per serood. We may 
sHv liial if itx- rsiini: i«l«k- f.T ihis m*-i*-r b«-M wilb a raUe be asrd to 
r»-liu-f <■l^-rf•^va^i.ln^ Jii»dt- »"!ih ih.- roi-i<-r h«-ki wiih a rigid rod, tfa« 
re-nli> will *•- in '-n\T fr-.m 1 :: ;i.-r ■■•■in i-> -.-'i i^rceot for velocities 
fr..iii ].*. f-^i !•' ".-'■ f'-'l Iff s—ivnd. 
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TabU thormng pereentage difference in velocity nn iihotm by iimall Price meter No, 
351 iMen rated in gtitt imtor on a rigid rod and on a eable. 
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II of v*^U)cit.y to revolutions as 



I'r ' Ti'lwlty with melAr r»teil on ■ rlglil roil. 

Small I'ricc meU'r No. JtSl wjih again rated thrw times on May 9, 
IWl. It wan lield ( I ) with a cable, using an IS-ponntl Hinker; (2) with 
arod, the met^r Iteing free lo tiji; and (3) 
with a rod and the meter not fi-ee lo tip. 
Space will not pomiit the insortirm of the 
observed daUt or the eonipn tat ions, Imt 
the result.s are jilulted in fig. 2!l, using Ji= 
revolutiotiH [H^r si^eoud as ahseissiu and 

onlinates. It is si^on that these rating ob- 
servations give a sepaniU* eurve for each 
of these cases. The value of JCfor any 
value of Ji tor one curve is very different 
from that for the other eiirves for veloci- 
ties less than about :J fet-t iiei- second. For 
example, for li=0.:i, Ar=±755 for case 1 
(curve AE), S.-WS fur i-tino -2 (curve HE), 
and 2.485 for ciiso ;t (curve I)F). The co- 
efficient is largest when the meter has the 
most freedom of motion and least when it 
has no freedom of motion. As the velocity 
for a given niimlK-r iif revolutions varies 
directly with K, the veliwity deeretuses an 
the freedom to lip about a horizontal axis 
and to swing ai'unnd a vertical a.xis de- 
creases. Or, st.at«d in the other way, in 
a current of a given velocity the revo- 
lutions increase jus the freedom of nuition decreases. Each of these 




Pl(l Se.- Curves phi 
olatinii 
ratio bi-twesn vploclty ot » 
and revolDtlons oT mot«r (rcni 
throe ratings ot small Price nwtor 
No. ;iM at Chevy C1ia», Md., May 
^ ia>l. CrtwKHl circles are for 
olMervatloaH with tnet«r held with 
cable, an IH-pounil sinlcer belnc 
an«d. Heavj- black dots are f<^ 
olMarvatioiu with mot«rheld with 
rod and free to tip. Open drolea 
are for obmrvations irlth meter 
held with rod aod not free to tip. 



Cases therefore requires a separate rating tithle. 

aUBPACE VKLOCITV EXPRKIHENTS WITH FLOAT RODS AND WITH 
CURRENT METERS. 
It was noliced during the weir and ciirreiit-ineler comparisims that 
tilie shaiM' of the vertical vclticity curve iieai 
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surface obtaineil with 
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ACCURACY OF STREAM MEASUREMENTS. 



a smftll I'ricu m«U'r wiia quiW different uudor certain «onditi€>iut from 
that obtained with Ihti Ilaskoll raet*>r uuder the same eouditinns. 
This peculiarity can be seen iu the simultaneously obtained curves nf 
fig. 30. The llaakell meter indicates a higher surface velocity than 
the Price meter. By surface velocity obtained with a meter i» meant 
that obtained when the revolving part of the meter is entirely under 
water all of the time and yet as close to the Burfao« u& possible. For 
the three meters used in these surface velocity oliservatioHS the dis- 
tance of the etfnt*r below the surface was as follows: Small I*rice 
meter No. 361, from 'iJt to 3 inches; Fteley No. VfJ. from 3 to 3.5 
inches; llaskell No. 3, from i Ut 4.5 inches. 



Pio. 30.— Vertical 




In order to investigate this matter further the surface velocity of 
a part of the canal was measured simultaneously with floats and wit!) 
two current meters. The floats used were ti-inch cubes of wood loaded 
with lead so as to have an immersion of 5^ inches. Surface floats of 
wood 6 inches by 6 inches by 1 inch tliick were also used. These were 
started near the center of the canal 18 feet above the upper wire and 
timed over a run of fiO feet. Any that jtassed the lower wire within 3 
feet of either side were not used in computing velocity. The meters 
were held Id feet below the lower wire, the Haskell at 5 and 7 tMt 
from the soutli side of the canal, the Price at !* and 11 feet from the 
.south side, and the revolutions were counted for periods of forty 
seconds. The results of the experiments are given in the following 
table: 
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Comparison of surface velocity measured with float rods and with eurretd meters. 



Small Price meter No. 851. 



Number 

of float 

oboerya- 

tiODB. 



n 

12 
13 



96 



Velocity 

with 

floats. 



Feet per 

necond. 

3.122 

3.07« 

3.U90 



N amber 

of40- 

aecond 

periods. 



Velocity 

with 

meter. 



3.W76 



10 
12 
13 

35 



Feet per 

aecond. 

2.794 

2.806 

2.818 



Haskell meter No 3. 



Number 
of float 

observa- 
tions. 



13 
12 
10 



Velocity J ^S«f ' Velocity 

second 
I periods. 



with 
floats. 



with 
meter. 





f^* — "— • 


Feet per 




»econd. 




3.083 


13 


3.144 


12 


3.135 


10 



/Vrf f^r 

9econit 

3.171 

3.187 

3.166 



2.806 



35 



3.121 



:» 



3. 174 



During the foregoing observations the depth of water in canal was 
6.04 feet, its mean velocity 2.8 feet, and the discharge 275.3 cubic 
feet per second. The float velocity that is compared with the Prioo 
meter velocity is obtained from the floats passing the lower wire from 
2 to 8 feet from the south side ot canal; that which is compare<l with 
the Haskell meter velocity is found from the floats ptissing the lower 
wire from 8 to 14 feet fnmi the south side of canal. It is seen that in 
each experiment the float velocity is grcmter than that of tlie Prii*e 
meter and less than that of the Haskell meter. The mean float 
velocity for the three experiments is 8.8 per cent greaU^r tlian the 
velocity with the Price meter and 1.7 per cent less than that with 
the Haskell meter. 

It was thought that possibly this failure of the small Price meter to 
give correct surface velocity indications was due to wave motion of 
the meter. Another experiment was therefon* made with the float-s 
Hnd with the meter held with a rod and not f n^e to tip. Fteley electric 
Tneter No. 107 was also used in plac(» of the Haskell meter. The float4s 
Were started at many points in the widtli of the (*anal and were timed 
^ver a run of 50 feet. Those that came within 2 feet of either bank 
"were not used in computing the velocity. Tlie metei*s wer<> held 24 
:feet below the lower wire at points from to 7 feet from the center, 
»nd the revolutions were counted for 50-second i)eri(Kls. 

The mean surface velocity shown by the small Price meter from 
thirty-two 50-second periods is 1.967 feet, and the corresponding float 
velocity obtained from ten floats passing from 2 t-o H feet from the 
south side of canal is 2. 140 feet. The corresponding surface velocity 
shown by the Fteley meter is 2.074 feet, and by the floats from 8 to 14 
feet from the south side of canal, 2.137 feet. The float velocity is 
8.3 per cent greater than the Price meter velocity and 2.05 [)er cent 
greater than the Fteley meter velocity. The difference between the 
float and the Price meter velocities is about the same as in the previous 
experiments. 

During this experiment the Price meter was held 3.5 feet from the 
south side of canal, with its center 2J inches below the surface for 
seven 50-second periods, and again with its center 4.5 inches below 
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llir HtirTftoi- Tor nboiit t4)« Mtmc lenijlli of time. The mean velocity at 
•J} inchen depth was 1.884 feet, miA M i.!"' Inchwi doplh it. was 2,036 
feet. The float velocity at' this point wiw 2.137 toot, tin- iiidinHted 
[TSloelty iiioppawed 7.4 per flenl ae the meter was lowurud li iiirliM. 
iThw Boat work In tliin experiment is not very satis fa<-tory. 

On May L*l> vertieal velocllyH-iirve data were taken witli small PHtw 
mett-r No. 3A1 ami with Haskell met^T No. 3 fordllTeretrt mean veloci- 
ties, with n vii'W t«> dt-lttrmiiiinu the iiiajjcnitudi^ of thiw wrnir at diffe^ 
ent velocities and depths I»rIow tlH« )!iurfB**e. Tin- llaKkell iiiftUr was 
held with a eattio 1 HMit south of the M<nU<r of t)i<« eHiiul and 244 feet 
from the weir: the I'rioe mel<>r was hold with a cabif 1 foot nortli of 
the oenlcr of canal. The followini* data were obtaiuod: 
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Eutih run lasted aiiuut hall' an hour, during whivli time thu meiui 
velocity remaini'd constant. These results indicate that for velocities 
less than 1.5 feet the difference lietween the velocities indicated b; 
these meters is small from the snrface to a depth of 8.6 inches. 

In tlie upper right-liand corner of fig. 30 is a vertical veloeitycnrw 
prepared fn>iu thirty-five SO-second observations taken in forty min- 
utes 7 fitet from the south side of the canal, at a station 220 feet from 
the weir, with small I'riee meter No. 3fil. It shows a decrease of 8.5 
per e«nt in the velocity 2} inches below the snrface. 

Fi-om these float and curront-meter surface velocity experiments wo 
conclude that a small I'rici' meter will not measure velocity correctly 
when its center is within 0.5 foot of the surface, if the velocity be 
greater than l.-'i feet imt second, and that this error increases fromO 
at about 0.5 foot l>elow the surface to 8 or per cent at 2.5 inches 
below the surface. 



APPLICATION OP RESULTS TO ORDINARY RIVER OAQING. 

It has been shown that the discharge of the Cornell University 
canal can be measured with a small Price current meter by the ordi- 
nary point method with an error of not more than I per cent under 
favorable conditions. This degree of itc-cui-acy, however, can seldom 



MTiwiT.l EXPEBIMENT8 AT CORNELL UNIVERSITY. 93 

be attained in ordinary river paging, an the couditionR are not 8o 
favorable for accurate work. The bed of the Cornell c^anal is hard, 
smooth, and regular in shape; the bed of a river is frequently of 
soft material, into which the meter will settle, or is gravelly, stony, 
and irregular in shape. There are no shallow parts in the canal, 
the depth and velocity of which it is difficult to measure with accu- 
racy, but frequently there are one or more of these in a river dis- 
charge section. There is a good measurable velocity in all parts 
of the canal for all depths, while in a river there are frequently parts 
in which the velocity is too small for accurate measurement. The 
change in velocity from one x>oint to another in a discharge section is 
frequently greater in a river than in the canal, on account of obstruc- 
tions. Fluctuations of the surface elevation are also larger in a river 
than in the canal. On these account** it is to Ik> expected that ordi- 
nary river discharge measurements may be several i)er cent less 
accurate than those of this canal. 

In river gaging work, however, it is not alone accurate discharge 
measurements that are required, but it is the accurat<e measurement 
of the volume passing the gaging station each day and each month. 
The accuracy of daily and monthly flow of a stream deptuuls on the 
accuracy of the discharge curve, or the relation between the total 
discharge and the river stage, and on the accuracy of measurement 
of the fluctuation of river stage. The latter is quite as important as 
the former, and improvement in it should keep pace with improve- 
ments in the former. 

ACCURACY OF RESULTS. 

The discharge of the Cornell University standard weir is computed 
from Bazin's formula. It is not i)ossible, however, to measure the head 
on the weir in exactly the same way that Bazin measured the head on 
his weir, so that this formula is not strictly applicable to this weir. 
From experiments made at the Cornell hydraulic laboratory, how- 
ever. Prof. G. S. Williams believes that the at^tual discharge of the 
Cornell weir will not differ from that computed by Bazin's formula 
by more than 1 pc»r cent for heads up to 1.5 feet, nor more than 3 per 
cent for heads iij) to 2.5 feet. 

The results given in the tables have been obtained with five cur- 
rent meters operated in three ways by several observers. In several 
of the experiment's simultaneous measurements were made with two 
meters, so that we have several checks on the work. We have not 
carried any of the computations beyond the third decimal place, 
believing that the length of a meter observation, the method of 
obtaining fractional pails of a revolution of the meter wheel, the 
uncertainty in the exact location of the vertical velocity curve, and 
the pulsations in the water do not warrant even this degree of accu- 
racy. In closely studying the results some little inaccuracies will be 
found, as all the results are not obtained in exactly the same way; but 
they are believed to be substantially correct. 
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In cumiiariiiK thi> rcHult^i uf llieM< t>xperi>uL>iil« willi n-HnltM otitatQu 
by oth<!r PXpt'ritut^nl'i'rH it niUHt 1m- n.-uiemlK'niU tliiit we have use 
smaller vnliicilitw in mnay »f our cxiMTimonbi than wore use<l fa 
tliew. In Ftoley and Btearmt'd compariHODH (;i. £7) the Hmatlest uiea 
reloelty Im 1.7 Teet, in Henry'ei (p. 50) the Hniallettt is 3 feet, in Bazin 
(p. 43) thv KinullcMt lit l.^a feet, lu FrnueU's (p. 53) it in 0.& foot, an 
in Marr'H (p. iX) 2A tw^. For rhii»e and lii^hvr velocities our mete 
results by tho nnliiiiiry methtMl ttgrt^ta vlosely with those given by tb 
weir. W« are unable lo finil any eomparisons by other expertmentei 
for velocities le»w tiian 1 foot per seeouil, exeept a few by Franc 
with rotU aud those at Cornell with roda (p. fil). The lar^e diaagre< 
ineut I>etwe«'n nieWr and weir in for the low velo<ntteH, a field tol 
wbldi Hjipart'Mtly few ex|>erimenterH have eiUered. j 

ciiKCU'siONS. ^m 

Tliu itineliisioiiH Ut lie drawn fnmi lliene ex]HTinierilA may )»e briefl 
8Uinninri7A^<il h» followh: 

(1) Disclurge mejuturei) with eurrent meter by the ordinary (potn 
method agrees with tliat given by the Cornell stsnilanl weir within 
per cent for vehwities above 1,5 feet per seeonil. (See tables on \mgt 
M to 07 and 70.) 

(2) For velocities less than l.fl feet per Heeood the diseharge foun 
with llie l'ri,-e rnelers Ih I.-hf* Ihaii the eorn>8pnndinK weir dlseharg. 
and the difference increases rapidly as the velocitj' deeivases. (St 
tables on ]iat;eK (14 to 67.) 

(3) For velocities less than about 1.5 feet por second the dischar^ 
found with the lla.'jkell meter is i^reater thait that of the weir, and th 
difference increases as the velocity decreases. This difference is 
per cent for a velocity of 0.75 foot per sc;cond. (See fig. IG.) 

(4) The discharge of the Cornell canal can be measured with a sma 
Price meter, ordinary point method, with an error of not more tha 
1 per cent under favorable conditions, a velocity observation laatin 
fifty seconds being talcL'n in each S.-'t square feet of discliai^e area. 

(5) When the moat ivccurate results are desired the meter should h 
held with a rod and not given freedom to tip. 

(f!) Velocilie.s of 1.5 feet per second and upward obtained with i 
small Price meter when its center is closer to the surface than 0.. 
foot are too small by fi-om to !) per cent. This error, however, de 
creases from maximum at tlie surface to at about 0.5 foot depth. 

(7) The small Price meter will measure velocities of 1 foot per sec- 
ond and less more accurately than either the large Price meter or the 
Haskell meter. It appears from these experiraenta that the smallest 
velocity that these meters will measure with a fair degree of accuracy 
is 0.5 foot for the lai^e Price meter and the Haskell meter and 0.23 
foot for the small Price meter, (See fig. 16.) 

(8) The small Price meter should ho frequently rated, and itshould 
Ife used with much care if a<:<;\ivat« t«»ults ai-e required. 
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(9) The six-tenths-depth method gives discharge from 2 to 6 per 
cent in excess of that by the weir, depending on the ratio of width to 
depth. (See fig. 17.) 

(10) The integration method as a rule gives results in excess of 
those given by the weir, the difference increasing with the speed of 
the meter and decreasing as the velocity increases. (See fig. 17 and 
tables on pages 84 and 85.) By using special care in moving the 
meter at a slow speed and a uniform rate it may be {lossible to obtain 
better results by this method than those shown by these experiments. 
A device like Harlacher's (page 'M'}) for giving the meter a uniform 
motion will increase the accuracy somewhat. We do not believe, 
however, that the little saving of time of tliis method over that by 
the mid-depth or the six-tenths-depth will warrant the use of any such 
device. The method is useful only as a rough check on one of the 
other methods. 

(11) The thread of maximum velocity is at the surface for depths 
less that 2 feet and unobstructed flow at the lower end of the canal. 
For depths of 5 feet or more and discharge checked at the lower end 
of the canal this thread is from two-tenths to four-tenths depth below 
the surface, the mean for thirty-one experiments being thirty-one- 
hundredths depth. (See table on page 77.) 

(12) The position of the thread of mean velocity varies from five- 
tenths depth for small depths to seventy -three-hundredths depth for 
the larger depths. For the thirty-one experiments by the ordinary 
method of series C and 1) it is sixty- four-hundredths depth below the 
surface. (See table on page 77. ) 

(13) The surface velocity is always greater than the bottom veloc- 
ity with center of meter 0.25 foot above bottom. (See figs. 2;3 to 28.) 

(14) The ratio of bottom velocity to mean velocity varies from 0.6 
to 0.9, being 0.8 for the experiments of series A, 0.75 for series C, and 
0.85 for series D. (See table on page 79.) 

(15) The ratio of mean velocity to mid-depth velocity varies from 
0.9O to 0.99, the mean of forty experiments being 0.95. (See table on 
page 79.) 

(16) The average of the velocities 0.5 foot above the bottom and 
0.5 foot below the surface is from —2.2 per cent to +30 per cent less 
than the mean velocity shown by the weir. (See table on page 83.) 

(17) A small Price meter will revolve faster in moving water of a 
given velocity when held with a rigid rod than when held with a 
cable. (See table on page 89.) Hence the same rating table will not 
answer for both. 

(18) The bottom velocity varies between so wide limits that it is 
not a desirable quantity to use in computing discharge; the mid-depth 
or the six-tenths-depth is better. 
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